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PBEFACE. 


Dtibino the fourteen jears that have elapsed since the 
appearance of the last American edition of this Trork, two 
reviHcd German editions (the fifteenth and sixteenth) have 
been published, embracing so many additions and other 
improvements that the need of a new translation has been 
felt. Witli the consent of the author (given only a few 
months before his death), and also with the permission of 
Prof. H. \V. ffohuson, editor of the preceding American 
editions, this translation has therefore been undertaken. 

Except in regard to nomenclature and chemical formulas, 
tiie present work faithfully represents the recent sixteenth 
German edition. The example of the previous American 
issue hiUi been followed in giving modern chemical formulas 
^Fresenius, in rommt editions, has given both old and new), 
and in modttruising the greater part of the nomenclature. 
Tho few additions made to the text are enclosed in brackets, 
iu nearly all cases. 

The. translator has followed the author in avoiding the 
introduction of abbreviated analytical tables, believing that 
such tables are often stumbling-blocks in the way of an intel- 
ligent study of the subject. 

As far as possible, use has been made of the text of the 
last American edition, but the changes and additions in the 
(krmaii work have been so extensive that it has been neoea. 
sary to rewrite a large part of the matter, and to reset the 
type for the whole work. Previous condensations and omis- 
sions have been here restored, and larger and smaller type, 
also, have been used in the same way as in the German 
edition. 

The translator trusts that the care bestowed upon the 
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work, in the effort to insure accuracy of statement and clear* 
ness of language, will make the present edition satisfactory to 
those who use it ; and he desires to acknowledge the valuable 
assistance, in proof-reading, of Miss Lucy P. Bush, of New 
Haven. 

In view of the recent death of the author, it seems appro- 
priate to give, at this time, some facts concerning the history 
and development of the work, as described in the prefaces to 
the German editions. 

While a student at Bonn, in the winter of 1840-1, Fre- 
senius wrote out a course of qualitative analysis, merely for 
the sake of practice. Following the advice of an experienced 
chemist, whose name is not given, he published these notes, 
thus issuing the first edition of his “ Qualitative Analysis.” 
In the spring of 1841, he became assistant, and afterwards 
instructor (Privatdocent), in Liebig’s laboratory at Giessen, 
and occupied himself there with the instruction of beginners 
in chemical analysis. A second edition of the work appeared 
in 1842, with a preface of recommendation by Liebig. The 
latter stated that the book contained many new and simplified 
methods of separation, so that it would be welcomed even by 
those who possessed the larger works on mineral analysis. 
At this time, the systematic course was preceded by a de- 
scriptive part relating to reactions, thus making the treatise 
an independent one. This edition was translated into Dutch, 
English, French, and Italian, and was used in many prom- 
inent laboratories. A third edition was published in 1844^ 
while the author was still at Giessen. 

In the autumn of 1845, Fresenius removed to Wiesbaden, 
which was to be his home for the rest of his life. At first he 
was Professor of Chemistry, etc., at the Agricultural Institute, 
and during this period of somewhat more than two years the 
fourth and fifth editions of the book appeared. These issues, 
besides being revised and otherwise improved, contained an 
additional section, devoted to the reactions and detection of 
the more important vegetable alkaloids. 

In the position just mentioned, Fresenius was unable to 
carry on his favorite task of teaching analytical chemistry to 
young men, so that in the spring of 1848, he opened an inde- 
pendent laboratory for instruction. This developed into the 
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important institation wliioli is still in operation. The author’s 
work now enabled him to observe continuallj the use of his 
b<tok in the hands of large numbers of students, and, under 
these favorable conditions, the remaining editions, from the 
siskth to the sixteenth, have appeared. 

To tho aoventh edition was added a section relating to 
courses of analysis in special cases, thus increasing the 
utility of the work for those engaged in practical investiga- 
tions. In the preface to tho ninth edition, the author stated 
that he had always remained time to the firm principle, never 
to admit anything into his work without personal verification. 
In the eleventh edition, of 1862, the recently discovered spec- 
troscopic reactions were included, and, for the first time, the 
work was made to embrace all the known elements. The 
twidfth, thirteenth, and fourteenth editions contained few 
clinngos, but the fifteenth, published in 1885, was thoroughly 
revised, and formtilas of the new system (in addition to those 
of th«‘ old) were introduced. The last (sixteenth) edition, 
which appeared ten years later, was also completely revised. 
A new feature was introduced at this time by the insertion of 
a much larger number of references to chemical literature, 
relating especially to additional methods. The usefulness of 
the work was thus considerably enhanced, without unduly 
increasing its size. 

a L. w. 

Knw Uaven, Con^:.', September, 1897. 


NOTE. 

All temperatures mentioned in this hook refer to degrees 
of the Centigrade thermometer. 
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INTRODTTOTOKT 


PBF.LIMIKABY BEUABES. 

It is well known that chemistry is the science which 
teaches ns to understand the substances of which our earth 
consists, their composition and manner of decomposition, and 
especially their behavior towards one another. A special 
branch of this science is designated by the name analytical 
chemistry, inasmuch as it pursues a certain object, which is 
the breaking up (the analysis) of compound bodies and the 
discovery of their constituents. In this investigation of the 
constituents, if consideration is taken only of their bind^ the 
analysis is a qmlitalive one ; but if the amount of each sub- 
stance is investigated, it is a quuntitalive one. The office of 
qualitative analysis is to exhibit the constituent parts of a 
substance of unknoum composition in forms of knovm compo- 
sition, from which the constitution of the body examined, and 
the presence of its several component elements, may be posi- 
tively inferred. The efficiency of its method depends upon 
two conditions, viz., it must attain the object in view with 
unerring certainty and in the most expeditious manner. The 
object of quantitative analysis, on the other hand, is to exhibit 
the elements revealed by the qualitative investigation in forms 
which will permit the most accurate estimate of their weight, 
or to effect by other means the determination of their quan- 
tity. 

The means by which these different ends are reached pre- 
sent wide variations in the two cases. The study of quali^ 
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tatiye analysis must, therefore, be pursued separately from 
that of quantitative analysis, and must naturally precede it. 

The idea and aim of qualitative analysis in general having 
thus been stated, consideration must next be given to the 
preliminary knowledge which warrants its pursuit, the rank 
which it takes in the domain of chemistry, the objects to 
which it is applied, and its use ; then the chief points upon 
which its study depends, and the principal divisions into 
which it is separated must, also be considered. 

For the successful pursuit of qualitative investigations, it 
is absolutely indispensable that the student should possess 
some knowledge of the chemical elements and of their most 
important combinations, as well as of the principles of 
chemistry in general, and that he should combine with this 
knowledge some readiness in the comprehension of chemical 
processes. The practical part of this science demands, more- 
over, strict order, great neatness, and a certain skill in manip- 
ulation. If the student joins to these qualifications the habit 
of invariably ascribing the failures with which he may meet 
to some error or defect in his operations, or, in other words, 
to the absence of some condition indispensable to the 
success of the experiment — and a firm reliance on the immu- 
tability of the laws of nature cannot fail to create this habit 
— he possesses every requisite to render his study of analyt- 
ical chemistry successful. 

Although chemical analysis is based on general chemistry, 
and cannot be properly pursued without some knowledge of 
the latter, yet we have to look upon it as one of the main 
pillars upon which the entire structure of the science rests, 
since it is of almost equal importance for all branches of 
theoretical as well as of practical chemistry; and the use 
which it affords to the practical chemist, the mineralogist, 
and the metallurgist, to the pharmacist, the physician, the 
rational agriculturist, and others, needs no explanation. 

These considerations would furnish suflSicient reason for 
recommending a thorough study of this branch of science, 
even if its cultivation lacked those attractions which it pos- 
sesses for every one who devotes himself ardently to it. The 
mind is constantly striving for the attainment of truth ; it de- 
lights in the solution of problems, and where do we meet with 
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a greater variety of them, more or less difficult of solution, 
than in the province of chemistry? But as a problem to 
which, after long pondering, we fail to discover the key wearies 
and discourages the mind, so do chemical investigations, if 
the object in view be not attained, if the results do not bear 
the stamp of unerring certainty. A hai^-knowledge is, there- 
fore, to be considered worse than no knowledge ; and a super • 
Jicial cultivation of chemical analysis is to be particularly 
guarded against. 

A qualitative investigation may be made with either of two 
objects in view, viz., 1st, to prove that a certain body is or is 
not contained in a substance, e.gr., lime in well-water ; or, 2d, 
to ascertain all the constituents of a chemical compound or 
mixture. Any substance whatever may, of course, become the 
object of a chemical analysis. 

Since, however, the elements are not all of equal impor- 
tance in practical chemistry (as only a certain number of 
them occur widely distributed in nature, and are important 
in the manufacture of chemical preparations, in metallurgy, 
pharmacy, trade, the arts, manufactures, and agriculture; 
while the others are merely constituents of rare minerals), 
in order to facilitate the study of beginners and the work 
of practical chemists, only the more common elements and 
their more important compounds are treated in full detail 
in the present work. The rarer elements are treated more 
briefly, and in such a manner that they can be studied 
separately without difficulty. 

The study of qualitative analysis may be properly divided 
into four principal parts : 

1. Ohemioal operations. 

2. Eeagents and their uses. 

3. Deportment of the various bodies with reagents. 

4. Systematic course of qualitative analysis. 

It will be readily understood that the pursuit of ohemioal 
analysis requires practicoLl skUl a/nd ability, as well as iheoreti- 
cod h/iowledge/ and that mere speculative study can as little 
lead to success as purely empirioal experiments. To attain 
the desired end, theory and practice must be judiciously com- 
bined. 
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SECTION L 

OPBBATIONS. 

§ 1 . 

The operations of analytical clieniistry are essentially the 
same as those of synthetical chemistry, though modified to a 
certain extent to adapt them to the different object in view, 
and to the small q^uantities operated upon in analytical inves- 
tigations. 

The following are the principal operations in qualitative 
analysis : 


§ 2 . 

1. Solution. 

The term solidion, in its widest sense, denotes the union of 
a body, whether gaseous, liquid, or solid, with a fiuid, result- 
ing in a homogeneous liquid. When the substance dissolved 
is gasecm, the term absorption is more properly made use 
of, and the solution of one fluid in another i.s generally 
called a mixture. The term solution, in its usual sense, 
means the union of a solid, body with a liquid. 

A solution is more readily effected the more minutely 
the body to be dissolved is divided. The fluid by means of 
which the solution is effected is the soloent. We call the solu- 
tion cJiemiccd where the solvent enters into chemical combina- 
tion with the substance dissolved; and simple, where no 
definite combination takes place. 

In a simjAe solution, the dissolved body is supposed to 
exist in the free state, and to retain all its original properties 
except those dependent on its form and cohesion, since it 
separates unaltered when the solvent is withdrawn. Common 
salt dissolved in water is a familiar instance of a simple solu- 
tion. The salt imparts its peculiar taste to the liquhl. On 
evaporating the water, the salt is left behind in its original 
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form. A simple solution is called saturated when the solvent 
contains all it can hold of the dissolved substance. But as 
fluids generally dissolve larger quantities of a substance the 
higher their temperature, the term saturated^ as applied to 
simple solutions, is only relative, and refers invariably to a 
certain temperature As a general rule, elevation of temper- 
ature facilitates and accelerates simple solution. This rule 
has but few exceptions. 

A chemical solution contains the dissolved substance not 
in the same state nor possessed of the same properties as 
before. The dissolved body is intimately combined with the 
solvent, the latter having also lost its original properties. A 
new substance has thus been produced, and the solution, 
therefore, manifests the properties of this new substance. 
A chemical solution, also, may be usually accelerated by eleva- 
tion of temperature, since heat generally promotes, the action 
of bodies upon each other. The quantity of the tBssolved 
body, however, always remains the same in proportion to a 
given quantity of the solvent, the combinjlng proportions of 
substances being invariable and independe^nt of the grada- 
tions of temperature. 

The reason of this is that in a chemical solution the 
solvent and the body upon which it acts have m^ore or less 
opposite properties, which tend to neutralize each other. 
Solution ceases as soon as this tendency is satisfied. In 
this case, also, the solution is said to be saturated, or, under 
certain conditions, neutrcdized, and the point which denotes it 
to be so is termed the point of saturation or neutralization. ^ 

The substances which produce chemical solutiom are in 
most cases either acids or alkalies. With few exceptions^ 
they have first to be converted to the fluid state by means of 
a simple solvent. When the opposite properties of acid^ and 
base are mutually neutralized, and the new compound ia 
formed, the actual transition to the fluid state will ensue^ only 
if the new compound possesses the property of forming a 
simple solution with the liquid present, e.gr., when a solution 
of acetic acid in water is brought into contact with lead oxide, 
there ensues, first, a chemical combination between the acid 
and the oxide, and then a simple solution of the newly formed 
lead acetate in the water present. 
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In chemical laboratories, solutions are generally made by 
iigesting or heating the substance to be dissolved with the 
9uid in beaker-glasses, flasks, test-tubes, or capsules. in 
the preparation of chemical solutions, the best way usually 
is, in the first place, to mix the body to be dissolved with 
wrater (or with whatever other indifferent fluid may happen 
to be used), and then gradually add the chemical agent. 
By this course of proceeding, a large excess of the latter is 
avoided, an over-energetic action guarded against, the i>rc)c- 
ess greatly facilitated, and complete solution insured — which 
is a matter of some importance, as it frequently ha])pens 
in chemical combinations that the product formed refuses to 
dissolve if an excess of the chemical solvent is present. In 
this case, the new salt first formed, being insoluble in the 
liquid present, gathers around and encloses the portion still 
unacted on, weakening thereby or preventing altogether 
further chemical action upon it. Thus, for instance, witlxerite 
(barium carbonate) dissolves readily when, after being re- 
duced to powder, water is poured upon it and hydrochloric 
acid gradually added; but it dissolves with difficulty and 
imperfectly when projected into a concentrated solution of 
hydrochloric acid in water, for barium chloride will dissolve 
in water, but not in hydrochloric acid. 

Cbvstaliization and pbeoipitation are the reverse of solu- 
tion, since they have for their object the conversion of a fluid 
or dissolved substance to the solid state. As both generally 
depend on the same cause, viz., on the absence of a solvent, 
it is impossible to assign exact limits to either; in many 
cases, they merge into one another. We must, however, con- 
sider them separately here, as they differ essentially in their 
extreme forms, and as the special objects which we purpose 
to attain by their application are generally very different. 

§3. 

2. Obistallization. 

We understand by the term crystallization, in a more 
general sense, every operation or process whereby bodies 
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are made to pass from the fluid to the solid state, and to 
assume certain fixed, mathematically definable, regular forms. 
But as these forms, which we call crystals^ are usually more 
regular, and consequently more perfect, the more slowly 
the operation is carried on, we commonly connect with the 
term crystallization the accessory idea of a slow separation, 
of a gradual conversion to the solid state. The formation 
of crystals depends on the regular arrangement of the con- 
stituent particles of bodies {molecules). It can only take place, 
therefore, if these molecules possess perfect freedom of mo- 
tion, and thus, in general, only when a substance passes from 
the fluid or gaseous to the solid state. Those instances in 
which the mere ignition or the softening or moistening of a 
solid body suffices to make the tendency of the molecules to 
a regular arrangement (crystallization) prevail over the dimin- 
ished force of cohesion ; for instance, the turning white and 
opaque of moistened barley-sugar, are to be regarded as 
exceptional cases. 

To induce crystallization, the causes of the fluid or gase- 
ous form of a substance must be removed These causes are 
either heat cdom, e.g.^ in the case of fused metals ; or solverds 
aloTtCf as in the case of an aqueous solution of common salt ; 
or both combined^ as in the case of a hot saturated solution of 
potassium nitrate in water. In the first case, we obtain crys- 
tals by cooling the fused mass ; in the second, by evaporating 
off the solvent ; and in the third, by either of these means. 
The case occurring most frequently is that of crystallization 
by cooling hot saturated solutions. The liquids which remain 
after the separation of the crystals are called mother-liquors. 
The term amorphous is applied to such solid bodies as have 
no crystalline form. 

We generally have recourse to crystallization either to ob- 
tain the crystallized substance in a solid form, or to separate 
it from other substances dissolved in the same liquid. In 
many cases, also, the form of the crystals or their deportment 
in the air, viz., whether they remain unaltered or effloresce or 
deliquesce upon exposure to the air, will afford an excellent 
means of distinguishing between bodies otherwise resembling 
each other ; for instance, between sodium sulphate and potas- 
sium sulphate. The process of crystallization is usually 
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effected in dishes or, in the case of very small quantities, in 
watch-glasses. 

Where the quantity of fluid to be operated upon is small, 
the surest way of getting well-formed crystals is to let the 
fluid evaporate in the air, or, better, under a bell-glass over 
an open vessel half filled with concentrated sulphuric acid, 
crystals are examined best with a lens or microscope. 

§ 4 . 

3. Peecipitation. 

This operation differs from the preceding one in that the 
dissolved body is svdd&nly, or at least more or loss quickly, 
converted to the solid state, no matter whether the substance 
separating is crystalline or amorphous, whether it sinks to 
the bottom of the vessel, or ascends, or remains suspemU'd in 
the liquid. Precipitation is caused either by a moditicatioii 
of the solvent — thus, calcium sulphate (gypsum) separates 
immediately from its solution in water upon the addition of 
alcohol — or in consequence of the separation of u body, 
formed by simple or double decomposition, which is insoluble 
in the liquid which is present. Thus, metallic copper is pre- 
cipitated when a solution of copper chloride is brought into 
contact with zinc ; a precipitation of calcium oxalate i’e.sults 
when oxalic acid is added to a solution of calcium acetate ; 
one of lead chromate is produced when dissolved potassium 
chromate is mixed with dissolved lead nitrate. In exchauges 
of this kind, one of the products generally remains in solu- 
tion, as the zinc chloride, the acetic acid, and the potassium 
nitrate, in the instances just mentioned. Oases, however, 
may occur in which the newly formed substances ai'e both, 
precipitated, and nothing remains dissolved in the liquid. 
Such is the case, for instance, when a solution of maguesiuin 
sulphate is mixed with baryta-water, or when a solution of 
silver sulphate is precipitated with barium chloride. 

Precipitation is resorted to for the same purposes as crys- 
tallization, viz., either to obtain a substance in the solid form, 
or to separate it from other dissolved substances. In qualita- 
tive analysis, however, we have recourse to this operation more 
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particularly for the purpose of detecting and distinguishing 
substances by the color, properties, and general deportment 
which they exhibit when precipitated either in an isolated 
state or in combination with other substances. The solid 
body separated by this process is called the precipitate^ and 
the substance which acts as the immediate cause of the sepa- 
ration is termed the precipitant. Various terms are applied to 
precipitates by way of particularizing them according to their 
different nature, as crystalline, pulverulent, flocculent, curdy, 
gelatinous precipitates, etc. 

Precipitates which appear simply pulverulent to the un- 
aided eye can be seen not infrequently, when observed under 
the microscope, to consist entirely of very small, often very 
regular crystals, and in this manner, precipitates which are 
apparently alike can often be distinguished with ease and 
certainty. 

The terms turhid, turbidity, or dovdy and dovdinees, are 
made use of to designate the state of a fluid which contains a 
precipitate so finely divided and so inconsiderable in amount 
that the suspended particles, although impairing the trans- 
parency of the fluid, cannot be clearly distinguished. The 
separation of flocculent precipitates may be generally pro- 
moted by vigorous shaking ; that of crystalhne precipitates, 
by stirring the fluid and rubbing the sides of the vessel in 
contact with the liquid with a glass rod. Elevation of temper- 
ature is also an effective means of promoting the separation 
of most precipitates. The process is conducted, according to 
circumstances, either in test-tubes, flasks, beakers, or dishes. 

The two operations described in §§ 6 and 6, respectively, 
viz., ultbation and decantation, serve to effect the mechani- 
cal separation of fluids from matter suspended therein. 

§ 5- 

4, PinCRATION. 

This operation consists simply in passing the fluid, from 
which we wish to remove the solid particles mechanically 
suspended therein, through a filtering apparatus formed 
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usually by a properly arranged piece of unsized paper placed 
in a glass funnel. An apparatus of this description allows the 
fluid to trickle through, while it retains the solid particles. 
We employ smooth jilteTS and plo/ited fliers/ the former in 
cases where the separated solid substance is to be made use 
of, and the latter where the object is simply to clear Ihe 
solution rapidly. Smooth filters, which are placed in the 
funnel in such a manner that they are eveiywhere in contact 
with it, are obtained by folding a circular pa])er twice so that 
the folds are at right angles. The prejiaration of plaited 
filters, which may be accomplished in various ways, is better 
shown than described. 

In cases where the contents of the filter require washing, 
the paper must not project over the rbii of the funnel. In 
most cases, it is advisable to moisten the filter previously to 
passing the fluid through it, since this not only tends to 
accelerate the process, but also renders the solid particles 
less liable to be carried through the pores of the filter. The 

paper selected for filters 
must be as free as possi- 
ble from inorganic sub- 
stances, especially such 
as are dissolved by acids, 
6.gr., calcium and iron com- 
pounds. 

The common filtering- 
paper of commerce seldom 
comes up to our needs in 
this respect, and I would 
therefore recommend al- 
ways washing it carefully 
with dilute hydrochloric 
acid whenever it is in- 
tended for use in accimtte 
anedyses. For this pur- 
pose, the apparatus shown 
in Fig. 1 will be found 
convenient Ais bottle 
with the bottom taken out; a and h are glass plates, and 
between them lie the filters, which have been previously cut 
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§ 6 .] 

and folded ; (2 is a glass tube fitted into the cork o / e is a 
piece of flexible tube, which is closed by a piece of glass rod 
or a clip. The bottle is filled with a mixture of one part 
hydrochloric acid, sp. gr. 1.12, and two parts water, in which 
the filters are allowed to soak from 4 to 8 hours, the acid 
being then run off and replaced by ordinary water. After 
an hour, this is replaced by fresh water, and so on till the 
washings are barely acid. The washing is continued with 
distilled water till the washings are free from hydrochloric 
acid, that is, till they cease to give any turbidity when mixed 
with a few drops of solution of silver nitrate. Finally, the 
filters are drained, turned out upon blotting-paper, covered 
with the same, and dried in a sieve in a warm place. When 
we merely wish to wash two or three filters, we place them 
in a funnel as in filtering, one inside the other, moisten them 
with dilute hydrochloric or nitric acid, and after some time 
wash them well with distilled water. 

Filtering-paper, to be considered good, must, besides 
being pure, also let fluids pass readily through, while com- 
pletely retaining even the finest pulverulent precipitates, 
such as barium sulphate, calcium oxalate, etc. If a paper 
satisfying these requirements cannot be readily procured, it 
is advisable to keep two sorts, 
one of greater density for the 
separation of very finely divided 
precipitates, and one of greater 
porosity for the speedy separa- 
tion of grosser particles. For 
the past few years, cut filters of 
all sizes, both washed and un- 
washed, have been manufact- 
ured on a large scale and can 
be purchased. Quite recently, 
filters hardened by treatment 
with nitric acid have been sold, 
and these are characterized by 
increased filtering capacity as well as by being but little at- 
tacked by acids and alkalies. 

The funnels must be of glass (§ 19, 9). It is best to 
place them upon a stand to insure a firm position. For 
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smaller filtrations, such as are customary in qualitative 
analysis, a stand of the form shown in Fig. 2 is to be recom- 
mended. 


§ 6 . 

6. Decantation. 

This operation is frequently resorted to instead of filtration 
in cases where the solid particles to be removed are of consid- 
erably greater specific gravity than the liquid in which they 
are suspended, as they will in such cases speedily subside to 
the bottom, thereby rendering it easy either to decant the 
supernatant fluid by simply inclining the vessel, or to draw it 
off by means of a siphon or a pipette. 

Certain slimy or gelatinous precipitates so clog the pores 
of paper as scarcely to admit of filtration. To obtain tlio 
liquid in which they have been formed quite clear, decanta- 
tion is indispensable. Oftentimes the two processes may ln\ 
advantageously combined by allowing the precipitate to settle 
as much as possible, and then pouring off the still tm^bid 
liquid upon a filter. 


§ 7 . 

6. Washing. 

When filtration or decantation has been resorted to for the 
purpose of collecting a solid substance, the latter has to be 
freed afterward from the adhering liquid by repeated wimhitiij 
or ed/ulcoration. The washing of precipitates collected cm a 
filter is usually effected by means of a washing-bottle, snuh 
as is shown in Mg. 3. 

This consists of a flask or bottle, closed with a twice-])cr. 
forated, snugly-fitting rubber stopper, through which pass two 
glass tubes, as in the figure. The outer end of the tube a is 
drawn to a moderately fine point. If it is wished to have this 
movable, the tube a is cut in two between the point and the 
bend, and the two parts are united by means of a piece of 
rubber tubing. By blowing into the other tube, a stream of 
water is driven out from a with considerable force, which 
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adapts the apparatus to remoTing precipitates from the sides 
of vessels as ivell as to washing them on filters. This form of 
washing-bottle serves for washing with warm or even boiling 
water, provided the vessel itself has a uniformly thin bottom, 
so that it can be heated without fear of breaking. By binding 
about the neck a ring of cork, winding it closely with smooth 
cord, or providing it with a handle (Fig. 4), it may be held 
with convenience when its contents are hot. Washing by 
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decantation is carried out, after pouring off the liquid, by 
simply stirring up the precipitate with water or any other 
liquid used for washing, allowing it to settle again, and 
decanting anew. 

As the success of an analysis often depends upon the com- 
plete or proper washing of a precipitate, the operator must 
accustom himself to continue the process patiently until he 
is certain that the object in view has been actually accom. 
plished. In general, this is not the case until the precipitate 
has been perfectly freed from the liquor in which it was 
formed. The analyst must not be content with guessing that a 
precipitate is thoroughly washed, but must prove that it is so 
by applying appropriate tests. If the body to be removed is 
non-volatile, slow evaporation of a few drops of the last por- 
tions of the washings on a clean surface of platinum will 
usually serve to indicate the point at which the process may 
terminate. 
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§ 8 . 

7. Dialysis. 

Dialysis is an operation which may be employed for the 
separation of certain dissolved bodies from others. lioji 
superficially considered, it appears to possess a certain sinii- 
larity to filtration, but in reality it differs essentially frt>m 
that operation. It was introduced into science by (tRAUAm 
(Annal. der Ohem. u. Pharm., 121, 1), and depends upon the 
different behavior of bodies dissolved in water towards 
moist membranes. Bodies that are able to crysfaillize (crys- 
talloids, Graham) have the power of penetrating certain nioin- 
branes with which their solution may be placed in contact, 
while amorphous bodies, or colloids, viz., gum, gelatin, tlo.vtriu, 
caramel, tannic acid, albumen, silicic acid, etc., do not i)o.sse.ss 

that property. Hence, the two 
classes may be separated by tak- 
ing advantage of this action. 'Fho 
septum must consist of a colloid 
material, as the skin of an animal 
or, best of all, parchment-paper, 
and it must be in contact with 
water on the outer side. Figs. 5 
and 6 exhibit suitable forms of 
apparatus for this operation. In 
Fig. 6, the dialyzer consists of the 
upper part of a bottle, clos(*(l at 
the base with parchment-paper ; 
in Fig. 6, it consists of a hoo]) of 
wood or gutta-percha, covered below, like a sieve, with parch- 
ment-paper. 

The disk of parchment-paper shonld measure about 11) cm 
more in diameter than the space to be covered. It should 
be moistened, stretched over, and fastened by a string or 
by an elastic band, but should not be secured too firmly. 
The parchment-paper must not be porous, and its soundness 
may be tested by sponging the upper side with water 
and observing whether wet spots show on the other side. 
Defects may be remedied by applying liquid albumen^ 
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and coagulating this by heat. When the dialyzer has thus 
been put in perfect condition, the mass to be examined 
is poured into it* If the substance is entirely liquid^ the 
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bell-shaped dialyzer may be chosen, but if it contains undis* 
solved solid matter, the hoop is preferable. The depth of 
fluid in the dialyzer should not be more than 1.6 cm, and the 
membrane should dip a little below the surface of the 
water in the outer vessel, which should amount to at least 
four times the quantity of the fluid to be dialyzed. The bell- 
shaped dialyzer should be hung in the manner shown in 
Fig. 5, while the hoop may be allowed to float. After twenty- 
four hours, half or three fourths of the crystalloids will be 
found in the external water, while the colloids remain in the 
dialyzer ; at most, only traces pass into the external fluid* 
If the dialyzer is brought successively in contact with fresh 
supplies of watei’, the whole of the crystalloids may be 
finally separated from the colloids. This operation is some- 
times of service in chemico-legal investigations, for the ex- 
traction of poisonous crystalloids from parts of a dead body, 
or from food, vomit, etc. 


There are four operations which serve to separate volatile 
substances from less volatile or from fixed bodies, viz., 
BVATOEATION, DISTHIATIOTjl, IGNITION, and SUBLIMATION. The 
first two relate to liquids, the others to solids. 


16 


OPERATIONS. 




§ 9 . 

8. Evaporation. 

TFliis operation is one of tliose most frequently used.. It 
serves to separate volatile fluids from less volatile or fi'om 
fixed bodies (solid or fluid) in cases where the residuary sub- 
stance alone is of importance. Thus, we have ret-ourso to 
evaporation for the purpose of removing from a saline sola- 
tion part of the water, in order to bring about crystal] izaticiu 
of the salt; also, for removing the whole of the water Iroiii 
the solution of a non-crystallizable substance, so as to (d)tam 
the latter in a solid form. The evaporated water is disre. 
garded in these cases, the only object being to obtain in the 
one case a more concentrated fluid, and in the other a dry 
substance. These objects are attained by converting to tho 
gaseous state the fluid which is to be removed. This is goiuu-- 
ally done by the application of heat; sometimes by leaving 
the fluid for a time in contact with the atmosiihoro or with an 
enclosed volume of air kept dry by hygroscopic substances, 
such as concentrated sulphuric acid, calcium chloride, etc. ; 
or lastly, by placing the fluid in rarefied air, with simulta- 
neous application of hygroscoiiic substances: 

As it is of the utmost importance in qualitative analyses 
to guard against the least contamination, and as an evaporat- 
ing fluid is the more liable to this the longer the operation 
lasts, the process is usually conducted, with proper expedition, 
in porcelain or platinum dishes, over the flame of ti .S]>irit- or 
gas-lamp, in a place free from dust, preferably in a cupboard 
or hood provided with a draught. If the operator has no 
place of this kind, he must have recourse to the inconvoniout 
alternative of covering the dish. The best way of doing thi.s 
is to place over it a large glass funnel, secured by a retort- 
holder, in such a manner as to leave sufficient space between 
the rim of the funnel and the border of the dish. The funnel 
should be placed slightly aslant, so that the drops niuniug 
down its sides may be received in a beaker. This end is 
more fully attained by Victor Meyer’s protection funnel.* 

*2lelt3chi. f. aaaljt. Ciiem., 23, 539. 
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Tliis Las its lower edge bent inwardj forming a trough in 
which the condensed liquid collects, and flows through a 
tubulure which is attached to one side. The dish may also 
be covered with a sheet of filter-paper previously freed from 
inorganic substances by washing with dilute hydrochloric or 
nitric acid. Were common and unwashed filter-paper used for 
the purpose, the ferric oxide, lime, etc., contained in it would 
dissolve in the vapors evolved (more especially if acid), and 
the solution dripping down into the evap- 
orating fluid would speedily contaminate 
it. Such precautions are necessary, of 
conrse, only in accurate analyses. Large 
quantities of fluid are sometimes evapo- Fig. 7 

rated best in flasks standing aslant over a charcoal fire or 
gas flame, or in tubulated retorts with the neck rising 
obliquely upward and with open tubulure. Evaporating proc- 
esses at 100°are conducted in a suitable steam apparatus or on 
the water-bath shown in Fig. 7, upon which copper or porce- 
lain rings may be placed, so that it can accommodate smaller 
dishes. Evaporation to dryness is not usually conducted over 
the naked flame, but generally either on the water-bath or 
the sand-bath, or on an asbestus or iron plate. It should be 
remembered that porcelain and glass vessels — which we can 
hardly avoid using for the evaporation of large quantities of 
fluids — are always somewhat acted upon, so that their contents 
become more or less contaminated. The action is but slight 
in case of most dilute acids or acid liquids, but the student 
should never evaporate dlkaUne fluids in glass, as, at a boiling 
temperature, they attack it considerably. 


§ 10 . 

9. DismiATioN. 

This operation serves to separate a volatile liquid from a 
less volatile or a non-volatile substance, where the object is to 
recover the evaporating fluid. A distilling apparatus consists 
of three parts : 1st, a vessel in which the liquid to be distilled 
is heated, and thus converted into vapor ; 2d, an apparatus in 
which this vapor is cooled again or condensed and thus recon- 
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verted to the fluid state ; and 3d, a vessel to receive the fluid 
thus reproduced by the condensation of the vapor (the distih 
late). For the distillation of large quantities, metallic appa- 
ratus are used (copper stills with head and condenser of tin), 
or large glass retorts; in analytical investigations, we use 
either small retorts with receivers, or more usually an appii- 
ratus like that shown in Fig. 8. The fluid to be distilled is 
boiled in and the vapor escapes through the tube which 
is fitted into the cork. The tube is surrounded with a wider 



tube, which is filled with cold water, and this is renewed con- 
tinually or occasionally by pouring in fresh water through d, 
after placing a vessel under g to catch the hot water which 
runs out. A small flask serves as a receiver. 


§ 11 . 


10. Ignition. 

Ignition is, in a certain sense, for solid bodies what evap* 
oration is to fluids, since it serves (at least generally) to sep- 
arate volatile substances from less volatile or from fixed 
bodies, in cases where the residuary substance alone is of 
importance. Ignition always involves the use of a high tem- 
perature, and is thus distinguished from drying. The state 
which the volatilized body assumes upon cooling — ^whether it 
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remains in the gaseous state, as when caloium carbonate is 
ignited ; whether it is liquid, as when calcium hydroxide is 
heated ; or solid, as in the ignition of a mixture containing 
ammonium chloride — ^is quite immaterial as far as the name 
of the operation is concerned. 

The object of ignition already mentioned is the common 
one, but in some instances, substances are ignited simply for 
the purpose of modifying their state, without any volatilization 
taking place, for example, in the conversion of the more 
bulky, more easily soluble form of alumina into the denser 
form which is more difficultly soluble in sulphuric acid. 
Substances are often ignited, also, in order that the operator 
may from their deportment at a red heat draw conclusions 
as to their nature in general, their fixity, their fusibility, the 
presence or absence of organic matter, etc. 

Crucibles are the vessels generally made use of in ignition. 
In operations on a large scale, Hessian or graphite crucibles 
are used, heated by charcoal or gas ; in analytical experi- 
ments, small-sized crucibles or dishes of porcelain, platinum, 
silver, or iron, or glass tubes sealed at one end, are selected, 
according to the nature of the substances to be ignited. 
These crucibles, dishes, or tubes are heated over a spirit- or 
gas-lamp, or a blast-lamp. 


§ 12 . 


11. SUBLEXAnON. 

The term aiMimation designates the process which serves 
to convert solid bodies into vapor by the application of heat, 
and subsequently to recondense the vapor to the solid state 
by refrigeration. The substance thus volatilized and recon- 
densed is called a svblimobte. Sublimation is consequently a 
distillation of solid lodies. We have recourse to this process 
mostly in order to effect the separation of substances pos- 
sessed of different degrees of volatility. It is of great impor- 
tance in analysis for the recognition of several substances, for 
•sample, arsenic. The vessels used for sublimation are of 
variable sizes, according to the volatility of the substance. In 
sublimations for analytical purposes, we generally employ 
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closed glass tubes. When the sublimation is performed with 
the aid of a current of hydrogen or carbon dioxide, wo use open 
glass tubes, which are usually made narrower just in front 
of the part to which the heat is applied. The substance may 
be placed directly in the tube, or it may be contained in a 
boat of platinum or porcelain. 


§ 13. 

12. Fusion Aim Fluxing. 

Simple fusion is the conversion of a solid substance into 
the fluid form by the application of heat. It is most froqucuiily 
resorted to for the purpose of effecting the combination or the 
decomposition of bodies. The term is also applied in cases 
where substances insoluble or difficult of solution in water 
and acids are by fusion, in conjunction with some other body, 
modified, decomposed, or fluxed in such a manner that they or 
the newly formed compounds will subsequently dissolve in 
water or acids. Fusion is conducted either in porcelain, silver, 
or platinum crucibles. The crucible is supported on a triangle 
of moderately stout platinum wire (with silver crucibles, iron 
wire), resting on, or attached to, the iron ring of the spirit- 
or gas-lamp. Pipe-stem teiangles are also used. Sumll 
quantities of matter are often fused in glass tubes closed at 
one end. 

Eesort to fusion is especially required for the analysis of 
various insoluble sulphates, silicates, and aluminum com- 
pounds. The flux most commonly used is sodium carbonate, 
or potassium carbonate, or, better still, a mixture of both in 
molecular proportions. In certain cases, barium hydroxide is 
employed. For the fusion of aluminates, sodium or potassi um 
disulphate is frequently used. A platinum crucible should be 
used for fusions with alkali carbonates, barium hydroxide, 
and alkali disnlphates. 

Precauti(ma/ry rules for the prevention of damage to pJatinmn 
vessels. — "So substance evolving chlorine ought to be treated in 
platinum vessels. No sodium or potassium nitrate or hydrox- 
ide or cyanide, no metals or sulphides of metals, should be 
fused in such vessels ; nor should readily deoxidizable metallic. 
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oxides, or organic salts of the heavy metals, or phosphates in 
presence of organic compounds, be ignited in them. It is also 
detrimental to platinum crucibles to expose them directly to an 
intense charcoal fire, as this is likely to render them brittle. 
It is always advisable to support these vessels, when used in 
ignition or fusion, on triangles of platinum wire or of pipe-stem. 
When a platinum crucible has been made white hot over the 
bellows blowpipe, it is unwise to cool it too quickly by sud- 
denly turning off the gas, and allowing the cold blast to play 
upon it, since, under these circumstances, the crucible is very 
liable to become slightly cracked. 

Platinum crucibles which have become stained can be 
cleaned by rubbing with moist sea-sand, the grains of which 
are rounded and not inclined to scratch. If the stains or 
impurities in a platinum dish resist this treatment, acid 
potassium sulphate or borax should be heated in it to fusion 
for some time. The vessel is then cleaned with hot water, 
and finally, if needful, is burnished with sand as above de- 
scribed. 


The following operation should also be described as one 
which is related to fusion : 


§ 14. 

13. Deflagration. 

We understand by the term defiagration, in a more general 
sense, every process of decomposition attended with noise or 
detonation. We use the same term, however, in a more re- 
stricted sense, to designate the oxidation of a substance in 
the dry way, at the expense of the oxygen of another substance 
mixed with it (usually a nitrate or a chlorate), and connect 
with it the idea of sudden combustion attended with incan- 
descence and detonation. 

Deflagration is resorted to either to produce a desired 
body, or it is applied as a means to prove the presence or 
absence of a certain substance. Thus, arsenious sulphide is 
deflagrated with potassium nitrate to obtain potassium arse- 
nate ; and salts are tested for nitric or chloric acid by fusing 
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them with potassium cyanide, and observing whether they 
deflagrate, etc. To attain the former object, the perfectly 
dry mixture of the substance and the deflagrating agent is 
projected in small portions at a time into a red-hot crucible. 
Experiments of the latter description are invariably made 
with minute quantities, preferably on a piece of thin iron or 
platinum foil, or in a small spoon. 

§15. 

14. The Use of the Blowpipe. 

This operation is of paramount importance in many ana- 
lytical processes. We must examine here the apparatus 
required, the mode of its application, and the results of the 
operation. 

The blowpipe. Fig. 9, is a small instrument, usually made 
of brass or German silver. It consists of three parts, viz., 
1st, a tube, oi, fitted, for greater convenience, with a horn or 
ivory mouthpiece, through which air is 
blown from the mouth ; 2d, a small cylin- 
drical vessel, cd, into which oh is screwed 
air-tight, and which serves as an air- 
chamber, and to retain the moisture of the 
air blown into the tube ; and 3d, a smaller 
tube,/y, also fitted into cd. This small 
tube, which forms a right angle with the 
lai’ger one, is fitted at its aperture either 
with a finely perforated platinum plate, 
or more conveniently with a finely perfo- 
rated platinum cap, Ji, The construc- 
tion of the cap is shown in Fig. 10. 
This is a little more expensive than a 
simple plate, but it is also much more 
durable. If the opening of the cap 
becomes stopped up, the obstruction may 
generally be removed by heating it to redness before the blow- 
pipe. 

The proper length of the blowpipe depends upon the dis« 
tance at which the operator can see with distinctoess. It is 
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Fig. 9. 
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usually from 20 to 25 cm long. The form of the mouthpiece 
varies. Some chemists like it of a shape which may be en- 
circled by the lips; others prefer a trumpet mouthpiece, 
which is only pressed against the lips. The latter requires 
less exertion on the part of the operator, and is accordingly 
generally chosen by those who do a great deal of blowpipe 
work. 

The blowpipe serves to conduct a continuous fine current 
of air into a gas fiame, or into the fiame of a candle or lamp, 
or sometimes into an alcohol flame. The fiame of a candle 
or lamp, burning under ordinary circumstances, 
consists of three principal parts, as shown in Fig. 

11, viz., 1st, a dark nucleus, a'a, in the centre ; 

2d, a luminous cone, efg^ surrounding this nucleus ; 
and 3d, a feebly luminous mantle, bed, encircling 
the whole flame. The dark nucleus contains the 
gases which the heat evolves from the wax or fat, 
and which cannot burn for want of oxygen. In the 
luminous cone, these gases come in contact with a 
certain amount of air insufficient for their complete 
combustion. In this part, therefore, it is principally 
the hydrogen of the hydrocarbons evolved which 
burns, while the carbon separates in a state of in- 
tense ignition, which imparts to the 'flame the luminous ap- 
pearance observed in the cone. In the outer coat, the access 
of air is no longer limited, and all the matter not yet burned 
is consumed. This part of the flame is the hottest, and 
the extreme apex is its hqjbtest point. Oxidizable bodies 
oxidize, therefore, with rapidity when placed in it, since all 
the conditions of oxidation (high temperature and an un- 
limited supply of oxygen) are here united. This outer 
part of the flame is therefore called the o^xnMmig flame. On 
the other hand, oxides having a tendency to yield up their 
oxygen suffer reduction when placed within the luminous part 
of the flame, the oxygen being withdrawn from them by the 
carbon and the still unconsumed hydrocarbons there present. 
The luminous part of the flame is therefore called the reducing 

The effect of blowing a fine stream of air across a flame 
is, first, to alter the shape of the flame, since, from tending up- 
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ward, it is now driven sideways in tlie direction of the blast, 
being at the same time lengthened and narrowed ; and, in the 
second place, to extend the sphere of combustion from the 
outer to the inner part. As the latter circumstiince oausos 
an extraordinary increase in the heat of the flaiiie, and tlu' 
former, a concentration of that heat within narrower limits, iL 
is easy to understand the exceedingly energetic action of tlie 
blowpipe flame. The way of holding the blowpipe and the 
nature of the blast will depend upon whether the operator 
needs a reducing or an oxidizing flame. The easiest way of 
producing most efficient flames of both kinds is by means of 
coal-gas delivered from a jet, shaped as in Pig. 18, the slit 
being 1 cm long and 1^ to 2 mm wide, as, wdth the use 
of gas, the operator is enabled to regulate not only tlu^ cur- 
rent of air, but that of the gas also. The task of koe])iug 
the blowpipe steadily in the proper position may bo greatly 
facilitated by firmly resting that instrument upon some 
movable metallic support, such as the ring of IlrNsiiN’s gas- 
lamp intended for holding dishes, etc. Pig. 12 sh()\vs the 
flame for reducing ; Pig, 13, the flame for oxidizing. The 



redming flame is produced by keeping the jet of the blow- 
pipe just on the border of a tolerably strong gas-flame, and 
driving a moderate blast across it The resulting mixtur<^ 
of the air with the gas is only imperfect, and there remains 
between the inner bluish part of the flame and the outer 
barely visible part a luminous and reducing zone, of which 
the hottest point lies somewhat beyond the apex of the inner 
cone. To produce the oxidizing flame^ the gas is lowered, 
the jet of the blowpipe pushed a little farther into the flame, 
and the strength of the current somewhat increased. This 
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serves to effect an intimate mixture of the air and gas, and 
an inner, pointed, bluish cone, slightly luminous towards the 
apex, is formed, and surrounded by a thin, pointed,* light- 
bluish, barely visible mantle. The hottest part of the flame 
is at the apex of the inner cone. Difficultly fusible bodies 
are exposed feo this part to effect their fusion, but bodies to 
be oxidized are held a little beyond the apex, that there may 
be no want of air for their combustion. An oil-lamp with a 
broad wick of proper thickness may be used instead of gas ; a 
thick wax-candle also will do. For an oxidizing flame, a small 
spirit-lamp will in most cases answer the purpose. 

The current is produced with the cheek muscles alone, and 
not with the lungs. The way of doing this may be easily 
acquired by breathing quietly, with distended cheeks and 
with the blowpipe between the lips. Practice and patience 
will soon enable the student to produce an even and uninter- 
rupted current. 

The supports on which substances are exposed to the blow- 
pipe flame are generally either wood charcoal, or platinum 
wire or foil. 

Charcoal supports are used principally in the reduction of 
metallic oxides, etc., or in testing the fusibility of bodies. The 
substances to be operated upon are put into small cavities, 
scooped out with a penknife or with a little tin tube. Metals 
that are volatile at the heat of the reducing flame evaporate 
wholly or in part upon the reduction of their oxides. In 
passing through the outer flame, the metallic vapors are re- 
oxidized, and the oxide formed is deposited upon the sup- 
port around the heated substance. Such deposits are called 
coatings or incrustations. Many of these exhibit characteristic 
colors, leading to the detection of the metals. The charcoal 
of pine, linden, or willow, is greatly preferable to that of harder 
woods. Saw the thoroughly burnt charcoal of well-seasoned 
and straight-split pine into rectangular pieces, and brush off 
the dust The blocks may then be handled without soiling the 
hands. The sides alone are used on which the annual rings 
are visible on the edge, as, on the other sides, the fused 
matters are apt to spread over the surface of the charcoaL 
Small supports are sometimes sold, which have been made 
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from powdered charcoal and pressed into convenient shapes. 
These are very serviceable and clean. 

Charcoal is a valuable material for supports in blow 
pipe experiments because of — 1st, its infusibility; 2d, its low- 
conducting power for heat, which permits substances to be 
heated more strongly upon a charcoal than upon any other 
support ; 3d, its porosity, which causes it to readily imbibe 
fusible substances, such as borax, sodium carbonate, etc,, 
while infusible bodies remain on the surface ; 4th, its reduc- 
ing power, which greatly contributes to the reduction of 
oxides in the inner blowpipe flame. 

We use platinurmuire^ and occasionally also platinum /oily 
in all oxidizing processes before the blowpipe ; also wdieu 
fusing substances with fluxes, to test their solubility, to watch 
the phenomena attending the solution, and to mark the color 
of the bead; and lastly, to introduce substances into the 
flame, to see whether they will color it. The wire should be 
cut into lengths of 8 cm, and each length bent at both ends 

O O 

Fig. 14. 

into a small loop (Fig. 14). When required for use, the loop 
is moistened with a drop of water, then dipped into the pow- 
dered flux (where a flux is used), and the portion adhering fused 
in the flame of a gas- or spirit-lamp. When the bead pro- 
duced, which sticks to the loop, is cold, it is moistened again,, 
and a small portion of the substance to be examined put on 
and made to adhere to it by the action of gentle heat. The 
loop is then finally exposed, according to circumstances, to* 
the inner or the outer blowpipe flame. 

What renders the application of the blowpipe particularly 
useful is the great expedition with which results are attained. 
These results are of a twofold kind, viz., they either afford 
us simply an insight into the general properties of the body, 
and accordingly enable us only to determine whether it is 
fixed, volatile, fusible, etc.; or the phenomena which we ob- 
serve render us able to recognize at once the particular body 
whicn we have before us. We shall have occasion to describe 
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these phenomena when treating of the deportment of the 
different substances with reagents. 

In using the blowpipe, one hand is always occupied ; con- 
tinuous blowing requires practice and some effort, although the 
latter may not be very great, and it is not very easy to main- 
tain a blowpipe flame in such a manner that the substance 
exposed to it is always exactly in the desired part of the 
flame. For these reasons, the efforts of many chemists have 
been directed towards producing automatic blowpipes, and 
many such pieces of apparatus have been recommended and 
used. In some of these, the air-current is produced by means 
of a gasometer, in others by means of a rubber balloon, in 
others still by a species of hydrostatic blast, etc. The simplest 
self-acting apparatus, however, by which most of the objects 
attainable with the blowpipe may be conveniently accom- 
plished, is a Bunsen gas-lamp, which bums without lumi^ 
nosity and without soot. A description of this lamp is given 
in the next paragraph. 


§ ^ 6 . 

15. The Use of Lamps, pabtioulaelt op Gas-lamps. 

As we have to deal mostly with small quantities of matter,, 
we commonly use in processes of qualitative analysis requir- 
ing the application of heat, such as evaporation, ignition, etc., 
either spirit-lamps or gas-lamps. 

Of spirit-lamps^ there are two kinds in use, viz., the simple 
kind shown in Fig. 17, and the Berzelius lamp with double 
draught given in Fig. 15. In the construction of the latter, 
it should be borne in mind that the part containing the 
wick and the vessel holding the spirit must be in separate 
pieces, connected only by means of a narrow tube ; otherwise, 
troublesome explosions are apt to occur in lighting the lamp. 
The chimney should not be too narrow, or the stopper fit too. 
tightly on the mouth through which the spirit is introduced. 
A lamp should be selected that will readily slide up and 
down the pillar of the stand, which must be fitted with a 
movable brass ring to support dishes and fiasks in processes. 
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of ebullition, and a ring of moderately stout iron wire to sup- 
port the triangle for holding the crucibles in the processes of 
ignition and fusion. Of the various forms of lamps in use, 
the one shown in Fig. 15 is the most suitable. Fig. 16 rep- 
resents a triangle of platinum wire fixed within an iron-wire 

Fici IG. 


Fig m I'J'* 

ring. This seryes to support crucibles in processes of igni- 
tion, Glass vessels, more particularly beakers, which it is 
intended to heat over the lamp, are most conveniently rested 
on a piece of gauze made of brass wire such as is used in 
making sieves of medium fineness. 

Of the many gas4amps proposed, Bunsen's, as shown in its 
simplest form in Tigs. 18 and 19, is the most convenient, ah 
is a base of cast iron. In the center of this is fixed a brass 
box, cd, which has a cylindrical cavity 12 mm deep and 
10 mm in diameter. In each side of the box, 4 mm from the 
upper rim, is a circular aperture of 8 mm diameter, leading 
to the inner cavity. Pitted into one side, 1 mm below the 
circular aperture, is a brass tube, which serves for the 
attachment of the India-rubber supply-tube. This brass tube 
is made in the shape shown in Fig. 18, and has a bore of 
4 mm. The gas conveyed into it passes into a tube in the 
center of the cavity of the box. The latter tube, which is 4 
mm thick at the top and thicker at the lower end, projects 3 
mm above the rim of the box. The gas issues from a narrow 
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openiDg which appears to be formed of 3 radii of a circle, in- 
clined to each other at an angle of 120°. The length of each 
radius is 1 mm, and the opening of the slit is -J- mm wide. ^ 
is a brass tube 96 mm long, open at both ends, with a bore of 
9 mm, and the screw at the lower end of this tube fits into 


i 



Fig. 18. Fig. 19 


the upper part of the oayity of the box. With this tube 
screwed in, the lamp is completed. On opening the stop-cock, 
the gas rushes into the tube ef, where it mixes with the air 
coming in through the circular apertures. When this mix- 
ture is kindled at /, it burns with a straight, upright, 
bluish flame, entirely free from soot, which may be regu- 
lated at will by means of the stop-cock. A partial opening 
of the cock suffices to give a flame fully answering the pur- 
pose of the common spirit-lamp ; while with the full stream 
of gas turned on, the flame, which will now rise up to 2 dm 
in height, affords a most excellent substitute for the Bebze- 
UTTS lamp. If the flame is made to bum very low, it will 
often occur that it recedes ; in other words, instead of the 
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mixture of gas and air burning at tlie moutli of tlie tube 
the gas takes fire on issuing from the slit, and burns below 
in the tube. This defect may be remedied by arranging the 
lamp so that not only the stream of gas, but also the air 
which entei*s, may be regulated, as in the lamp shown 
in Fig. 22; and also in the above described simple lamp, 
by covering the tube ef at the top with a little wire-gauze 
cap. Flasks, beakers, etc., which it is intended to heat over 
the gas-lamp, are supported upon brass or iron gauze, thin 
iron plates, or asbestus board. For blowpipe operations, the 
tube gh must be inserted into This tube terminates in a 
flattened top, cut off at an angle of 68® to the axis, and having 
an opening 1 cm long and l-J- to 2 mm wide. The inser- 
tion of gh into ef serves to close the air-holes in the box, 
and pure gas, burning with a luminous flame, issues from 
the top of the tube. Fig. 19 shows the apparatus complete, 
fixed in the fork of an iron stand. This arrangement permits 
the lamp to bo moved backward and forward between the 
prongs of the fork, and up and down the pillar of the stand. 
The movable ring on the same pillar serves to support the 
objects to be operated upon. The 6 radii around the tube 
of the lamp serve to support a sheet-iron chimney (see Fig. 

23), or a porcelain plate used in quan- 
titative analyses. 

To heat crucibles to the brightest 
red heat or to a white heat, the bellows 
blowpipe is resorted to. But even with- 
out this, the action of the gas-hiiiip 
may be considerably heightened by 
heating the crucible within a snialJ 
clay furnace, as recommended by Eim 
MAKN. Fig. 20 shows the simple con- 
trivance by which this is effected. Tho 
furnaces are 115 mm high, and meas- 
ure 70 mm in diameter in the clear. The thickness of material 
is 8 mm. If the ordinary Bunsen burner is not sufficiently 
strong for any purpose, the three-BuNSEN burner (Fig. 21) 
may be used. A similar purpose is served by the very effect- 
ive gas-furnaces of W. Hempbl * and H. EoESSLEB.t 
* Zeitschr. f. analyt, Ohem., 16, 464 aud 18, 404. f Ihid , 26, 95 aud 32, Heft 5. 
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Bunsen has demised a more perfect form of this lamp* to 
render the flame a more complete substitute for the blowpipe 
flame, namely, for reducing, oxidizing, fusing, and volatilize- 
ing, and for the observation of the coloration of flame (§ 17). 
This improved form is shown in Fig. 22. a is a sheath, 
which can be turned around for regulating the flow of 
air. When in use, a conical chimney (ddd/d\ Fig. 23) is 
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Fig. 22, 
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placed on ee, and is of such dimensions that the flame will 
bum tranquilly. Fig. 23 shows the flame half its natural size. 
In this, three parts are at once apparent, namely, (1) the dark 
cone, ooaV, which contains the cold gas mixed with about 
62 per cent of air ; (2) the mantle, a'ca'J, formed by the burn- 
ing mixture of gas and air ; (3) the luminous tip of the dark 
cone, aba, which does not appear unless the air-holes are 
somewhat closed. The last is useful for reductions. 

Such are the three principal parts of the flame, but 

» Annal. d. Ohem. u. Pharm., Ill, 257, and 138, 267. Also, Zeltschr. t 
analyt. Ohem. , 6, 851. 
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Bunsen distinguislies no less than sis parts, ■which he names 
as follo'ws : 

1. The base at a, which has a relatively low temperature, 
because the burning gas is here cooled by the constant cur- 
rent of fresh air, and also because the lamp itself coudnets 
the heat away. This part of the flame serves for discovering 
the colors produced by readily volatile bodies when loss vola- 
tile bodies which color the flame are alst) ju'csont. At the 
relatively low temperature of this part of the flame, the foiuuor 
volatilize alone instantaneously, and the resulting color ini- 
parted to the flame is for a moment visible, unniixed with 
other colors. 

2. Thefvsing zone. This lies at 0, at a distance of some- 
what more than one third of the height of the llaine from the 
bottom, and equidistant from the outside and the inside of the 
mantle, which is broadest at this part. This is the hottest 
part in the flame (about 2300° Bunsen), and it therefore Bt‘.rvo.s 
for testing substances as to their fusibility, volatdity, emission 
of light, and for all processes of fusion at a high tomporaturen 

3. The lovoer oxidiziiuji flame lies in the outer border of the 
fusing zone at and is especially suitable ioi’ tho oxidiitiou 
of oxides dissolved in vitreous fluxes. 

4. The upper oceidizing zone at e consists of tho uou-lumi- 
nous tip of the flame. Its action is strongest when tho air- 
holes of the lamp are fully open. It is usod for tho roasting 
away of volatile products of oxidation, and generally for all 
processes of oxidation where the very highest tomixjraturo i.s 
not required. 

5. The lotoer redudng zone lies at S, in the inner bonlor of 
the fusing zone next to the dark cone. The n^ducing gases 
are here mixed with oxygen, and therefore do not possess 
their full power. Hence, they are without action on nnuiy 
substances which are deoxidized in the up})er reducing flame. 
This part of the flame is especially suited for reduction on 
the charcoal stick (p. 34), or in vitreous fluxes. 

6. The upper redtuying flame lies at 7, in the luminous tip of 
the dark inner cone, which, as I have already explained, may 
be produced by diminishing the supply of air. This part of 
the flame must not be allowed to get large enough to blacken 
a test-tube filled vrith water and held in it. It contains no 
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free oxygen, is rich in separated incandescent carbon, and 
therefore has a much stronger action than the lower reducing 
zone. It is used more particularly for the reduction of 
metals collected in the form of incinistaiions. 

With the help of a gas flame of this description, we can 
obtain as high a temperature as with the blowpipe, and even 
higher if the radiating surface of the substance is made as 
small as possible. Moreover, by the use of the different parts 
of the flame, processes of reduction and of oxidation may be 
carried out with the greatest convenience. 

In order to study the deportment of bodies at a high tempera* 
ture^ namely, their emission of light, fusibility, volatility, and 
power of coloring flame, they are introduced into the flame in 
the loop of a platinum wire, which should be barely thicker 
than a horse-hair. Should the substance attack platinum, 
a little bundle of asbestus is used, which should be about 
one fourth the thickness of a match. Decrepitating sub- 
stances are first very finely powdered, then placed on a strip 
of moistened filter-paper about a square centimeter in sui’- 
face, and this is cautiously burnt between two rings of fine 
platinum wii’e. The substance now presents the appearance 
of a coherent crust, and may be held in the flame without 
difficulty. For testing fluids to see whether they contain a 
substance which colors flame, the round loop of the fine 
platinum wire is flattened on an anvil to the form of a small 
ring. This is dipped into the fluid, and then withdrawn, 
when a drop will be found attached to the ring. This drop 
is held near the flame and allowed to evaporate without boil- 
ing, after which the residue may be conveniently tested. 

If bodies are to be exposed to the action of the flame for a 
considerable time, the stand shown in Fig. 24 is used. ^ and 
B are provided with springs, and can be easily turned and 
moved up and down. On A is the arm a, intended for the sup- 
port of the platinum wire fixed in the glass tube (Fig. 25) ; also 
another little arrangement to hold the glass tube 6, with its 
bundle of asbestus fibers, d. B bears a clip for the reception 
of a test-tube, which in certain oases has to be heated for a 
considerable time in a definite part of the flame. G serves 
to hold the various platinum wires fixed in glass tubes. 

Experimenis of r^uction are performed either with the aid 
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of a suitable reducing agent in a small glass tube, or with 
the aid of a little stick of charcoal. In order to prepare the 
latter, Bunsen recommends holding an uneffloresced crystal 
of sodium carbonate near the flame, and, after having taken 

off the head of a match, 
smearing three fourths of 
its length witli the wet mass 
produced by warming the 
crystal. The match-stick is 
then slowly rotated on its 
axis in the flame, when a 
crust of solid sodium car- 
bonate will form on the 
carbonized wood, and on 
heating in the fusing zone 
of the flame, this crust will 33 
be melted and absorbed by 
the charcoal. The little stick of 
charcoal will now be protected in 
a measure from coml)ustion. The 
substance to be tested is made 
into a paste, with a drop of xnoltecl 
crystallized sodium carbonate, and 
a mass about the size of a millet- 
seed is taken up on the point of the 
carbonized match. It is then first 
melted in the lower oxidizing 
flame, and afterwards moved 
through a portion of the dark cono 
into the opposite hottest part of 
the lower reducing zone. The re- 
duction will be rendered evident 
by the effervescence of the sodium 
carbonate. After a few moments, the action is stopped by 
allowing the substance to cool in the dark cone of the flame. 
If, finally, the point of the carbonized match is cut off and 
triturated with a few drops of water in a small agate mortar, 
the reduced metal will be obtained in the form of sparkling 
fragments, which may be purified by elutriation, and, if neces- 
sary, more minutely examined. 



Fig 24 
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Volatile elements whicli are reducible by hydrogen and 
carbon may be separated as such or as oxides from their com- 
binations, and deposited on porcelain. These deposits are called 
.incrustations. They are thicker in the middle, and become 
thin towards the edges. They may be converted into iodides, 
sulphides, and other combinations, and thus may be further 
identified. These reactions are so delicate that in many cases 
a quantity of from to 1 mg is sufiicient to exhibit them. 

Tli£ Tnctallic inxirustation is obtained by holding in one hand 
a small portion of the substance on asbestus, in the upper 
reducing flame; and in the other a glazed porcelain dish, 
from 1 to 1.2 dm in diameter, filled with water, close over 
the asbestus, in the upper reducing flame. The metals sepa- 
rate as sooty or mirror-like incrustations. 

If the substance is held as just directed, and the porcelain 
dish is held in the upper oxidizing flame, an incrustation of 
oodde is obtained. In order to be sure of getting it, the flame 
must be comparatively small if the portion of substance 
is minute. To turn the incrusta- 
tion of oxide into an incriistation of 
iodide, let the dish covered with the 
oxide cool, breathe on it, and place 
it on a wide-mouthed bottle (Fig. 

26). This bottle contains phos- 
phorus tri-iodide, which has been 
allowed to deliquesce and become re- 

converted into fuming hydriodic acid and phosphorous acid. 
It should have an air-tight glass stopper. If the hydriodic 
acid has become so moist that it has ceased to fume, it may be 
restored to its proper condition by the addition of phosphorus 
pentoxide. To turn the incrustation of iodide into a,jx incrustor 
tion of sulphide, direct a current of air containing ammonium 
sulphide upon it, breathing upon the dish occasionally ; then 
drive off the excess of ammonium sulphide by gentle warming. 

If more considerable quantities of the metallic incrustation 
are required for further experiments, the porcelain dish is 
replaced by a test-tube {D, Fig. 24) half filled with water, in 
which a few pieces of marble should be placed to prevent 
bumping when the water boils. In this case, the asbestus 
{d, Fig. 24), with the substance on it, is fixed at the same 
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heiglit as the middle of the upper reducing flame ; the test- 
tube is flxed with its bottom close over the asbestiis, as shown 
in the figure, and the lamp then is moved just under tlie test- 
tube. The substance thus comes within the reducing fianu', 
and the metallic incrustation forms on the bottom of tlu' test- 
tube. The incrustation may be obtained as thick as is wished 
by renewal of the substance. 

§ 17 . 

16 . Observation of the Coloration of Flvme and 
Speotiium Analysis. 


Many substances give characteristic tints to a C(-)h)i’li*ss 
flame, which afford excellent means for their identilication. 



For instance, salts of so- 
dium impart to flaiiuj a yel- 
low, salts of potassium a 
violet, salts of litlauni a lair- 
mine tint, and tlins may bo 
easily distingiiisliod from each 
other. 

The flame of Bi'NSEv’s gas- 
lamp with chimney, d(\scnl>(‘d 
in § 16 and sliowii in Fig. "22, 
is more particularly sui(c‘d 
for observations of this kind. 
The substances to lu‘, (‘xuia- 
inod are put on the small loop 
of a fine platiiiuiu wire, and 
by means of the holder sliown 
in Fig. 24, or the more simple 
one, Fig. 27, tlien i>lac(nl iu 
the fusing zone of the ga.s 
flame. A particularly striki ng 
coloration is imparted h) the 
flame by the volatile salts of 
the alkali and alkali-earth 
metals. If different salts of 
one and the same base are 


compared in this way, it is found that each one of them, if 
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at all volatile at high temperatures, or permitting at least the 
volatilization of the base, imparts the same color to the flame, 
but with difi'erent degrees of intensity, the most volatile of 
the salts producing also the most intense coloration. For 
instance, potassium chloride gives a more intense coloration 
than potassium carbonate, and the latter again a more in- 
tense one than potassium silicate. In the case of difficultly 
volatile compounds, the coloration of the flame may often be 
developed by adding some other body which has the power 
of decomposing the compound under examination. Thus, 
in silicates containing only a few per cent of potassium, 
the latter body cannot be directly detected by coloration of 
flame. This detection may be accomplished, however, by 
adding a little pure gypsum, as this will cause formation of 
calcium silicate and potassium sulphate, a salt which is 
sufficiently volatile. 

For continuous observation of the colorations which the 


chlorides of the heavy metals impart to the flame, Mitsoher- 

lioh’s method can be used. This con- k 

sists in passing a stream of hydrogen M 

through a bulb-tube, in the bulb of ia 

which the metallic chloride is heated ; ^ I 

and the hydrogen issuing from the end m 

of the tube, which is bent upward and g 

drawn out, is ignited. The following 

apparatus (Fig. 28), described by Vogel, 

and arranged for the use of illuminating- III 

gas, can also be used for this purpose. ||| 

The gas is led in through h, passes jli’^ 

through 5, and then burns at the top of Sglp 
the Bunsen burner of glass, which is held Pi&. 28 . 

by the wire u. If the burner is rightly constructed and 
adjusted, the flame will be non-luminous. If the substance 
at p is now heated, the flame will show quickly and con- 
tinuously the coloration corresponding to the intermixed 
chloride. 

But however decisive a test the mere coloration of flame 
affords for the detection of certain metallic compounds, when 


present unmixed with others, this method becomes appar- 
ently useless in the case of mixtures of compounds of several 



88 


OPERATIONS, 


[§17. 

metals. For instance, mixtures of salts of potassium and 
sodium show only the sodium flame; mixtures of salts of 
barium and strontium, only the barium flame, etc. This 
defect may be remedied, however, in two ways. 

The Jirst way, introduced by Oaetmell,* and afterwards 
perfected by Bunsen t and by MerZjJ consists in looking at 
the colored flame through some colored medium (colored 
glasses, indigo solution, etc.). Such media, in effacing the 
flame coloration of one metal, bring out that of the other 
mixed with it. For instance, if a mixture of a salt of j>otas- 
sium and a salt of sodium is exjiosed to the flame, the latter 
will show only the yellow sodium coloration; but if the 
flame be now looked at through a deep-blue cobalt glass, or 
through a solution of indigo, the yellow sodium coloration 
will disappear and be replaced by the violet potassium tint. 
A simple apparatus suflices for every observation and experi- 
ment of this kind, all that is required for the purpose 
being— 

1. A hollow prism (Fig, 29) composed of mirror-plales, 
the chief section of which forms a triangle with two sides of 
160 mm and one side of 35 mm length. The indigo solu- 
tion required to fill this prism is prepared by dissolving 1 
part of indigo in 8 parts of fuming sulphuric acid, adding to 



Fig. 29. 


the solution 1500-2000 parts of water, and filtering. When 
using this apparatus, the prism is moved in a hori^iontal 
direction close before the eye, in such a way that the rays of 
the flame are made to penetrate successively thicker and 
thicker layers of the effacing medium. Cornwall § prefers a 
solution of potassium permanganate to the indigo, since it 

*Phll. Mag., 16. 828 t Annal. d. Chem. u. Phann., Ill, 257. 

t Joum. f. prakt. Chem , 80. 487. 

§ American Ciiemist, 2. 884; Zeitsclir. f. analyt. Chem., 11. 807. 
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allows the distinct recognition of the potassium flame in the 
presence of compounds of sodium, lithium, and calcium. He 
gives to the sides of the hollow prism a length of 240 mm, 
and to the thick end an interior diameter of 30 mm, and uses 
a solution of potassium permanganate of such strength that, 
at a distance of 45 mm from the thick end, the strongest 
sodium or lithium flame is completely effaced. 

2. A blue, a violet, a red, and a green glass. The blue 
glass is tinted with cobalt oxide ; the violet glass, with man- 
ganese sesquioxide ; the red glass (white glass colored red 
superficially), with cuprous oxide ; and the green glass, with 
iron oxide and cupric oxide. The colored glass of commerce 
will generally be found to answer the purpose. In regard to 
the tints imparted to the flame by the different bodies when 
viewed through the aforesaid media, and the combinations 
by which these bodies are severally identified, information 
will be found in Section HI, in the paragraphs treating of 
the several metals and acids. 

The secoTid way^ which is called Spectrum Analysis^ was 
introduced by Ejrghhoff and Bunsen. It consists in letting 
the rays of the colored flame first pass through a narrow slit, 
then through a prism, and observing the rays so refracted 
through a telescope. A distinct spectrum is thus obtained 
for every flame-coloring metal. This spectrum consists either 
of a number of colored lines lying side by side, as in the 
case of barium ; or of two, separate, differently colored lines, 
as in the case of lithium ; or of a single green line, as in the 
case of thallium. These spectra are characteristic in a 
double sense, ^.e., the spectrum lines have a distinct color, 
and they also occupy a fixed position. 

It is this latter circumstance which, in the spectrum 
observation of mixtures of flame-coloring metals, enables us 
to identify without difficulty every individual metal. Thus, 
a flame in which a mixture of potassium, sodium, and lithium 
salts is evaporated, will give, side by side, the spectra of the 
several metals in the most perfect purity. 

Kibohhoff and Bunsen have constructed two forms of ap- 
paratus which are adapted for spectroscopic observation, and 
by which measurements of the positions in which the spectral 
lines appear may be made. Both depend upon exactly the 
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same principles. The larger and more complete apparatus is 
described and figured in PooGENDoiays Auualou, 113 , IIT t, 
and in the Zeitsohr. f. analyt. Chem., 1 , 49. The smaller, sun- 
pier, and consequently cheaper apparatus, ■vrhii*]) sulliees for 
ordinary purposes, and is used very frequeutl}' iu liiboratorios, 
will be described here. It is shown in Fig 30. 

A is an iron dish, in the center of which a prism, with oii*. 



I'm 80. Fro. JMVe 


cular refracting faces of about 2.5 mm diameter, i.s I'asfeui'd by 
a clamp and screw. The same disk has also attached to it the 
three tubes B, G, and J). Each of these tubes is sohl(*r«Ml to 
a metal block (Fig. SOa), by which they may be adjusttMl in 
the proper position. B is the observation telescope. It has a 
magnifying power of about six, and an objective of about 20 
mm diameter. The tube C is closed at one end by a Inviss 
disk, into which is cut the perpendicular slit throxigh which 
the light is admitted. The tube D carries a phf)tograiihio 
copy of a millimeter scale, on a glass plate reduced to about 
one fifteenth the original dimensions. This scale is covered 
with tin-foil, with the exception of the narrow strip upon 
which the divisional lines and the numbers are engraved. It 
is lighted by a gas or candle flame placed' before it. 

The axes of the tubes B and I) are directed to the center 
of one face of the prism, at the same inclination, while the 
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axis of the tube C is directed to the center of the other face. 
This arrangement makes the spectra produced by the hght 
passing through (7, and the image of the scale in D, produced 
by total reflection, appear in one and the same spot, so that 
the positions occupied by the spectrum lines may be read ofE 
on the scale. The prism is placed in about the position in 
which there is a minimum divergence of the rays of the sodium 
line, and the telescope is set in the direction in which the 
red and the violet potassium lines are about equidistant from 
the middle of the field of view. 

The colorless flame into which the flame-coloring bodies 
are to be introduced is placed 10 cm from the slit. Bunsen’s 
lamp, shown in Fig. 22, gives the best flame. The lamp is 
adjusted so as to place the upper border of the chimney about 
20 mm below the lower end of the slit. When this lamp has 
been lighted, and a bead of substance — say, of potassium sul- 
phate — introduced into the fusing zone by means of the holder 
shown in Fig. 27, the iron disk of the spectrum apparatus, 
which, with all it carries, is movable round its vertical axis, 
is turned until the point is reached where the luminosity of 
the spectrum is the most intense. 

To cut off foreign light in all spectrum observations, the 
central part of the apparatus is covered with a black cloth or 
box. 

If reflected sunlight is allowed to pass through the slit of 
the spectroscope, a continuous spectrum showing the rainbow 
colors is obtained, in which a number of dark lines can be 
detected. (Compare 1 in the table of spectra.) These dark, 
Fraunhofer’s lines assume fixed places in the spectrum, and 
therefore serve as definite starting-points for determining the 
positions of other lines. They are due to the fact that the 
rays emanating from the solid or fluid body of the sun pass 
through the sun’s atmosphere. The gaseous bodies of which 
this is formed, which would give bright spectrum lines of 
their own accord, absorb out of the white sunlight, exactly 
those parts which they themselves radiate, and thus cause the 
dark lines. 

If reflected sunlight (or also lamplight) which enters the 
slit passes through liquids, it either goes through these 
unabsorbed, or is partly absorbed. In the latter case, dark 
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stripes or bands are observed in the spectrum, -whicli, since 
they are caused by the extinction of rays of certain refraugi- 
bility, assume definite positions in the spectrum, and they 
may serve, therefore, for the characterization of many sub- 
stances. For the observation of such absorption-specfro, tJie 
liquids to be examined are placed in vessels of colorless 
glass, best in such as have straight, parallel walls. 

Besides the spectroscope of Bunsen and KiiiciniorF, many 
other forms have come into use,* among which I will call 
special attention to the universal spectroscopes of H. W. 
Vogel t and 0. H. Wolff, f which are also convenient for the 
observation of flame-spectra and absorption-spectra. 

The spectra yielded by the alkalies and alkali-earths, 
and also those of thallium and indium, are portrayed in Table 
I. The spectra are represented as they appear in instruments 
provided with astronomical telescopes. In Section 111, at- 
tention will be called to the lines which are most character, 
istic for each metal. In this place, I will merely show the 
manner in which the greatest certainty may be attained in 
spectrum analysis. This is done by placing beads of pure 
metallic compounds in the flame, and registering the most 
prominent spectral lines upon a drawn scale, in the position 
which they show upon the scale of the instrument. For the 
sake of an example, this has been done for strontium upon 
the upper scale in the spectral table. It is evident that the 
spectrum of an unknown body can only pass as a strontium 
spectrum when the characteristic lines correspond not only 
in regard to their color, but also to the exact positions in 
which they have been drawn upon the strontium scale. 

Such drawings, as is evident, must be prei)arod by each 
operator for his own apparatus, and they lose their signifi- 
cance if anything is changed in the arrangement of the prism 
or scale. On this account, it is advisable to give a setting to 
the apparatus which can easily be found again if it should be 
disturbed by accident ; for example, one in which the left- 
hand edge of the sodium line corresponds to division 60. 

* Compare Zeitschr. f. analyt. Chem., 2, 64, 190, and 863; 3, 448; 5, 839; 12, 
433, 13, 48, and 442; 14, 336; 16, 468, 17, 187; 19. 73; 20, 99; 21, 183, 241, 
and 654, 22, 640, 26, 879, 26, 134, and 616; 28, 380 ; 30, 816, and 467; 31, Cs! 

f fhid, 17, 187. tiWd, 20, 99. 
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In regard to the observation of sparTc-spectra^ I refer to the 
article of K. Bunsen, which treats this subject fully (Zeitschr. 
f. analyt, Ohem., IB, 68). 

With the appearance of spectrum analysis, an era which is 
new in many respects has begun in chemical analysis, for wa 
are able by this means to discover much smaller amounts of 
substances than is possible with any other method. At the 
same time, the process gives a certainty which satisfies every 
doubt, and yields restdts in seconds which formerly, if attain- 
able at all, were only to be obtained in hours or days. 

§18. 

17. The Use of the Micbosoope in Quaiitattve Analysis. 

It has already been pointed out in § 3 that the microscope 
is used for the observation of very small crystals. While 
this instrument was formerly used only exceptionally, it has 
gained much significance recently through the investigations 
of O. Lehmann,^ K. HAUSH0FER,t A. STBENG,t H. Behrens, § 
Frey, |1 and others. These researches have demonstrated that 
not only occasional substances, but numerous bodies, can be 
detected by the help of microscopic analysis, and in many 
cases even when they are accompanied by other substances. 

The foundation of this method of investigation is the fact 
that bodies which have a tendency to crystallize show the 
same crystalline form under identical conditions of forma- 
tion. Now, since these forms are different with different 
bodies, and in many cases are characteristic for special ones, 
the microscopic observation of the crystals often allows 
the accurate recognition of elements or of certain of their 
compounds. 

* Anual. d. Physik u. Chem. [H F.], 13, 606. Zeitschr. f. analyt. Chem., 
21, 92 

t ** Mikroskopische Reactionen v. K. Haushofer, Braunschweig, 1885. 

X Ber. d. oberhessischen Gesellsch. f. Hatur- u. Heilkunde, 22, 268 et seq. 
Zeitschr. f. analyt Chem , 23, 185, 

§ Ann. de I’ficole polyt. de Delft, 1891 Zeitschi. f. analyt Chem., 30, 
125 et seq, 

1 Schweitz, Wochenschr. f Pharm.. 30, 149 Zeitschi. f. analyt. Ohem., 
32, 204 
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As far as the carrying out of work in microscopic analysis 
is concerned, it generally deals with the formation of crystals 
which are produced upon the object-glass, either by mixing a 
drop of the liquid to be investigated with a drop of an ap- 
propriate precipitating agent, or by the careful evaporation 
of a drop of a certain solution of the substance to be recog- 
nized. The resulting crystals are usually observed when 
magnified from 50 to 200 times, sometimes with the help of 
Niool’s prisms. 

It follows from what has been said that only very small 
amounts of substances are necessary for the performance of 
such microscopic analyses, and that the object is attained 
in a relatively short time. In many cases, reliable results 
are obtained without difficulty, but in others, the task is 
rendered difficult by the circumstance that, with small 
changes in the conditions of formation, regularly formed 
crystals are often not obtained, but instead crystal skeletons 
or aggregations, including many crystals which are mostly 
incompletely developed. 

The advantages which microscopic analysis offers are con- 
sequently obvious, and although this method can scarcely 
replace the usual methods of chemical analysis, yet it often 
supplements them in a very efficient manner. 

However, if reliable results are to be obtained by its use, 
microscopic analysis requires not only a thorough knowledge 
of crystallography, but also extensive practice in the use of 
the microscope. Therefore, those who are taking up analyt- 
ical chemistry cannot readily learn the former subject, in its 
fullest extent, simultaneously with purely chemical methods. 
It should rather be made an object of special study. In the 
present work, I shall limit myself by mentioning only the 
microscopic reactions which have special value for detect- 
ing certain bodies, and shall refer, for the rest, to the treatise! 
which have beed cited above. In Hapbhopeb’s work, the 
descriptions of the microscopic appearance of crystals are 
supplemented by illustrations. 



APPAEATUS AND UTENSILS. 


46 




APPENDIX TO SECTION L 
§19. 

Apparatus and Utensils. 

Since it might be difficult for many who are beginning the 
pursuit of chemical analysis to distinguish the most suitable 
from the unnecessary things, in their choice of the apparatus 
and utensils required for the purpose, I here add a list which 
contains the apparatus really necessary for carrying out sim- 
ple investigations. I also take this opportunity to call atten- 
tion to some points which are to be kept in view in buying or 
Ijreparing them. 

1. A Bunsen burner with chimney, and inner tube for 
producing a llame for blowpiping, together with a lajmdp-stand 
(g 16, Pigs. 18, 19, and 22). 

If illuminating-gas is not available, Berzelius’s alcohol- 
lamp (§ 16, Pig, 15) and a glass alcohol-lamp (§ 16, Fig. IT) 
can be used.* 

2. A blowpipe (see § 15). 

3. A platinum crucible of about 15 cc capacity, the cover 
of which is in the form of a shallow dish, and which is not 
too deep in proportion to its width. 

4 Platinum foil, as smooth and clean as possible, and not 
too thin ; length about 40 mm ; width about 25 mm. 

5. Platinum wire (see pp. 26 and 34). Two larger and two 
finer wires are amply sufficient to begin with. They are kept 
most conveniently in a glass half filled with dilute acid ; the 
wires may thus be kept clean. 

6. A STAND WITH TWELVE OB MORE TEST-TUBES. 16 to 18 om 
is the proper length of the tubes ; from 1 to 2 cm the proper 
width. The tubes must be made of thin white glass, and well 
annealed. The rim must be quite round, slightly flared, 

* [The dealers supply certain forms of gasoline-lamps, which give a 
nou-luminous flame similar to that of the Bunsen gas-burner, and even supe- 
rior to it m heating power. These are recommended as being far cheaper In 
regard to fuel, moie convenient, and moie powerful than alcohol-lamps. J 
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and witliout a lip, since this is of no use for pouring, and it 
inteirferes greatly with corking the tubes, as well as with 
thorough shaking. The stand shown in Fig. 31 will be found 
convenient. The pegs upon the upper shelf are for hold* 



iug the test-tubes after they are washed . In this position, they 
can drain well, and are always clean and dry. 

7. Several nests of beakers and some small fiasks of thin, 
well-annealed glass. 

8. Several porcelain EVAVOBATINO-Disum,*' and various 
awATT, POROBLAIN CRUCIBLES. Those of the royal manufacture 
of Berlin are unexceptionable both in shape and durability. 
Those of Meissen and Nymphenburg are also very good. 

9. Several glass funnels of various sizes. The.sR must be 
inclined at an angle of 60°, and merge into the neck at a deli- 
nite angle. 

10. A WASHiNG-BOTTLB of a capacity of from 300 to 400 co 
(see § 7). 

11. An assoetment of glass tubes, some glass rods, and a 
GLASS SPATULA, The former may be bent, drawn out, etc., over 
a Bebzelius lamp or gas-lamp ; the rods are rounded at the 
ends by fusion. 

12. A selection of watoh-glasses. 

^pPorcelain dishes 'with handles, called cassbboles, are very convenient 
for evaporation in qualitative analysis. These can be held by hand over the 
naked gas flame, and the operator, besides securing very rapid evapomtion, is 
enabled to stop the process at the proper point. The size most useful for the* 
purpose is 8a of the royal Berlin make.] 
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13. A small agate mortar. 

14. Steel or brass fingers, 10 or 12 cm long. 

16. A WOODEN FILTER-STAND (see § 6). 

16. A TRIPOD of thin iron, to support the dishes, etc., which 
are to be heated over the small spirit- or gas-lamp. 

17. Wire gauzes or asbestus boards (§ 16). 

18. A Platinum triangle or an iron triangle supplied with 
pipe-stems (§ 16, Fig. 16). 

19. Pieces of colored glass, especially blue and green 
(§ 17). 

20. A pipette holding 10 cc, graduated in half cubic centi- 
meters. 

21. Filter-pafer, or ready-made filters. 
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A YABIETY of phenomena may manifest themselves upon the 
decomposition or combination of bodies. In some cases, 
liquids change their color ; in others, precipitates are formed ; 
sometimes effervescence takes jdace, and sometimes deilagra- 
tion, etc. Now, if these phenomena are very striking, and 
attend only upon the action of two definite bodies upon one 
another, it is obvious that the presence of one of these bodies 
may be detected by means of the other. If we know, for 
instance, that a white xmeoipitate of certain definite properties 
is formed upon mixing baryta with snl2>hunc acid, it is clear 
that, if upon adding barybi, to any liquid we obtain a precipi- 
tate exhibiting these properties, we may conclude that tfn> 
liquid contains sulphuric acid. 

Those substances which indicate the presence of others by 
any striking phenomena are called recufenta. 

According to the different objects attained by the applica- 
tion of these bodies, we make a distinction between general 
and apeoud reagenta. By gmeroA reagerda are meant those 
which serve to determine the class or group to which a sub- 
stance belongs ; and by apecial reagenia, those which serve to 
detect bodies individually. That the line between the two 
divisions cannot be drawn with any degree of precision, and 
that one and the same substance is often made to serve both 
as a general and a special reagent cannot well be held as valid 
objections to this classification, which is simply intended to 
induce a habit of employing reagents always for a settled 
purpose, viz., either simply to find out the grroup to which 
the substance belongs, or to determine the latter inOiniclmlly. 

48 
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While the usefulness of general reagents depends princi- 
pally upon their efficiency in strictly characterizing groups of 
bodies, and often effecting a complete separation of the bodies 
belonging to one group from those belonging to another, that 
of special reagents depends upon their being characteristic and 
sensitive. We call a reagent if the alteration pro- 

duced by it, in the event of the body tested for being present, 
is so distinctly marked as to admit of no mistake. Thus, iron 
is a characteristic reagent for copper, stannous chloride for 
mercury, because the phenomena produced by these reagents, 
— the separation of metallic copper and of globules of mer- 
cury — admit of no mistake. We call a reagent sensitime or delu 
cate if its action is distinctly perceptible, even though only 
a very minute quantity of the substance tested for be present ; 
for instance, starch as a reagent for iodine. 

Very many reagents are both characteristic and delicate ; 
for example, hydrochlorauric acid for stannous salts, potas- 
sium ferro cyanide for ferric and cupric salts, etc. 

I hardly need mention that, as a general rule, reagents 
must be chemically pure, i.e., they must consist purely and 
simply of their essential constituents, and must contain no 
admixture of foreign substances. We must therefore make it 
an invariable rule to test the purity of reagents before tue vse 
tliem, whether they be articles of our own production or pur- 
chased. Although the necessity of this is fully admitted, 
yet we find that in practice it is too often neglected. Thus, it 
is by no means uncommon to see aluminium entered among 
the substances detected in an analysis, simply because the 
solution of sodium hydroxide used as one of the reagents 
haj)pened to contain that element ; or iron, because the 
ammonium chloride used was not free from that metal. In 
this section, the directions given for testing the purity of 
the several reagents refer, of course, only to the presence of 
foreign matter resulting from the mode of their preparation, 
and not to mere accidental admixtures. 

One of the most common sources of error in qualitative 
analysis proceeds from missing the proper measure — the right 
quantity — in the application of reagents. Such terms as 
addition in excess, supersaturation, etc., often induce novices 
to suppose that they cannot add too much of the reagent* 
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Consequently, some will fiH a test-tube with acid simply io 
supersaturate a few drops of an alkaline fluid, whereas eorjy 
drop of acid added after the neutralization point has b('eu 
reached is to be looked upon as an excess of acid. On the 
other hand, the addition of an insuflicient amount is to be 
equally avoided, since a reagent added in insuflicient quantity 
often produces phenomena quite different from those which 
will appear if the same reagent be added in excess. For 
example, a solution of mercuric chloride yields a pre- 
cipitate if tested with a stnaS quantity of hydrogen sulphide ; 
but if treated with the same reagent in excess, the precipitate 
is blaak. Experience has proved, however, that the most 
common mistake beginners make is to add the reagents tin; 
copiously. One reason why this over-addition must impair 
the accuracy of the results is obAious : we need simply to l)(>ar 
in mind that the changes effected by reagents are perceptible 
within certain limits only, and, therefore, that they may be 
the more readily overlooked the nearer we a])proach thcM' 
limits by diluting the fluid. Another reason lies in the fact 
that a large excess of a reagent will often have a solvent or 
modifying action upon a precipitate or color, and will entirely 
prevent the exhibition of phenomena which a suitable quan- 
tity would produce without difficulty. 

No special and definite rules can be given for avoiding this 
source of error. However, a general rule may be laid down 
which will be found to answer the purpose, if not in all, at 
least in the great majority of cases. It is simply this : J)(forc 
ike addition of a reagent, let the student alioays reflect for what 
purpose he applies it, what are the phenomena he iniends to pro- 
duce, and what are the results of the addition of excess. 

We divide reagents into two classes, according to whether 
the fluidity which is indispensable for their action upon 
the various bodies is brought about by the application of 
heat or by means of liquid solvents. We have, consequently, 
1, Beage^s in the wet way; and 2, Reagents in the dry way. For 
greater clearness, we subdivide these two principal classes as 
follows : 
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L Simple Soltents. 

n. Acidb and Halogens. 

a. Oxygen acids. 

b. Hydrogen acids and halogens. 

c. Sulphur acids. 

HI. Babes, Metals, and Sulphides. 

а. Oxygen bases and metals. 

б. Sulphides. 

lY. Peeoxides. 

Y. Salts. 

a. Of the alkali metals. 

b. Of the alkali-earth metals. 

c. Of the heavy metals. 

YI. OOLOBING MaTTEBS and iNDIPEEBENr YeGETABCB SUB* 
STANCES. 

«. REAGENTS IN THE DRY WAT. 

I. Flttxes. 

n. Blowpipe Reagents. 

A. REAGENTS IN THE WET WAT. 

L Simple Solvents. 

Simple solvents are fluids which do not enter into real 
chemical combination with the bodies dissolved in them. 
They will accordingly dissolve any quantity .of matter up to 
a certain limit, which is called the point of saturation, and is 
dependent upon the temperature of the solvent. The essential 
and characteristio properties of the dissolved substances 
(taste, reaction, color, etc.) are not destroyed by the solvent 
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§ 21 . 

1. Watbb, Hj,0. 

Pr^cmation. — ^Ptire water is obtained by distilling well- 
water from a copper still, with bead and condenser made of 
pure tin (not as well from a glass retort). Tbe distillation is 
carried to about three fourths of the quantity operated upon. 
If it is desired to have the distilled water perfectly free from 
carbonic acid and ammonium carbonate, the portions passing 
over fhst must be rejected. In the larger chemical labora- 
tories, distilled water is obtained from the steam apparatus 
which serves for drying, etc. In many cases, rain-water col- 
lected in the open air may be substituted for distilled water.* 

Tests . — ^Water must be colorless, odorless, and tasteless. It 
should not change the color of test-papers, and should not leave 
the smallest residue when evaporated in a platinum vessel. It 
should not be changed by ammonium sulphide (copper, lead, 
iron), nor rendered turbid by baryta-water (carbonic acid). 
Even after long standing, no cloudiness should be caused by 
the addition of ammonium oxalate (lime), of barium chloride 
and hydrochloric acid (sulphuric acid), of silver nitrate and 
nitric acid (chlorides). Tested with potassium iodide, starch 
paste, and dilute sulphuric acid, there should be no blue col- 
oration after standing a short time (nitrous acid), and it should 
not give a yellow color (ammonia) with an alkaline solution of 
potassium mercuric iodide (Nessleb’s reagent). A water which 
is free from reducing inorganic compounds may be tested for 
organic substances by coloring it very pale red with a trace of 
potassium permanganate, heating it to boiling, and observing 
if the reddish color remains, as is the case with pure water. 

Uses. — "We use water t as a simple solvent for a great 
variety of substances. A supply of it is kept in large glass 
flasks or in stoneware vessels. The most convenient way of 
using it is with the washing-bottle (see § 7, Fig. 3 or 4), by 

* As regards the preparation of water absolutely free from organic matter, 
see Stas, Zeitschr. f. analyt. Ohem., 6, 417. 

t In analytical experiments we use only distilled water. Whenever, there-' 
fore, the term teater occurs in the present work, distilled water is meant. 
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■whicli means, a stronger or finer stream may be obtained. It 
also serves to precipitate substances which are insoluble in it 
from their solution in alcohol, strong acids, and other solvents, 
and also to effect the decomposition of several normal metallic 
salts (more particularly antimony trichloride and the salts of 
bismuth), in which case, the water combines with a part of the 
acid, while the remainder is contained in the basic salt which 
separates. 


§ 22 . 

2. Ethyl Alcohol, OaH,OH. 

Preparation , — ^For chemical analysis are needed, first, al- 
cohol of ,830 to .834 sp. gr. at 16.6°, corresponding to 91.17 
to 90 per cent by volume (or the commercial “ 96 per cent ** 
alcohol) ; and second, absolute alcohol. The latter is most con- 
veniently prepared by digesting in a distilling flask, for two 
or three days, 1 part of fused calcium chloride with 2 parts of 
commercial spirit of about 96 per cent by volume, until solu- 
tion has taken place, then distilling slowly and fractionating. 
As long as the distillate has a lower specific gravity than .8037 
(corresponding to 98 per cent by volume), it may serve as 
absolute alcohol. The subsequent portions are collected 
separately. 

l^ests . — ^Alcohol must be colorless, and must completely 
volatilize when heated upon the water-bath. It ought not to 
leave a smell of fusel-oil when rubbed between the hands^ 
nor should it alter the color of moist blue or red litmus-paper. 
When kindled, it must burn with a faint bluish, barely per- 
ceptible flame. To test it for traces of tar, it is mixed with. 
3 volumes of water, when, after the disappearance of air- 
bubbles, it must remain clear, not opalescent. Hydrogen 
sulphide water should give neither a coloration nor a precipi 
tation. 

Uses , — ^Alcohol serves (a) to effect the separation of 
bodies soluble in this fluid from others which do not dissolve 
in it, e,g., of calcium nitrate from strontium nitrate ; (6) to 
precipitate from aqueous solutions many substances which 
are insoluble in dilute alcohol, e.g., gypsum, calcium malate; 
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(c) to produce various kinds of ether, €.g., ethyl acetate, 
which is characteiised by its peculiar and agreeable smell ; 

(d) to reduce, usually with the co-operation of an acid, cer- 
tain peroxides and metallic acids, c.g'., lead dioxide,^ chromic 
acid, etc. ; (e) to detect certain substances which impart a 
characteristic tint to its flame, especially boric acid, stron- 
tium, potassium, sodium, and lithium. 


§ 23. 

S. Ethtl Btheb, (C,H,),0. 

4. Chlokofokm, CHOI,. 

5. Oabbon Disulphide, C8,. 

Of these solvents, ether is the most frequently used. In 
the analysis of inorganic substances, it serves (mixed with 
absolute alcohol) for the separation of the nitrates of barium 
and strontium from calcium nitrate, for the recognition of 
chromic acid by means of hydrogen peroxide, for the detec- 
tion and separation of bromine and iodine, for extracting 
ferric sulpho cyanide from its aqueous solutions, etc. Ether 
is extensively used in the investigation of substances con- 
taining organic compounds, especially in searching for alka- 
loids in cases of poisoning. Chloroform is similarly used, 
but not so frequently. This serves, as does also carbon 
disulphide, especially for the detection and separation of bro- 
mine and iodine, and both these solvents are to be preferred 
to ether for this purpose. 

These preparations are far more readily prepared on a 
large than on a small scale, and are consequently best 
obtained by purchase. 

Tests. — Mher must be colorless, must have a speciflc 
gravity of .720 to .725 at 17.6'*, and it should require about 
12 parts of water for solution. The solution ought not to 
change the color ct test-papers. Even at the common tem- 
perature, ether must rapidly and completely evaporate on a 
watch-glass, and it is especially important that it should 
leave no residue with an odor when thus treated. When 
shaken with a drop of bright mercury, it ought not to blacken 
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this, nor produce the separation of any black, pulverulent 
mercuric sulphide. If some solid potassium hydroxide is 
covered with ether in a test-tube and a little water is added, 
no brown color should appear, even after a long time. If 
ether is poured slowly, with cooling, into concentrated sul- 
phuric acid, it ought to dissolve without coloration. If it 
is shaken with some potassium iodide solution containing 
a few drops of acetic acid, there should be no coloration 
produced, due to the separation of iodine. In keeping ether, 
it should be protected from the action of light. 

Chloroform must be transparent and colorless and have a 
specific gravity of from 1.490 to 1.493 at 16°. Shaken with 
2 volumes of water, its volume must not be perceptibly 
diminished, and the water should not assume an acid reaction 
nor should it be made turbid by the addition of silver nitrate 
solution. Even at the common temperature, chloroform 
must readily and completely evaporate on a watch-glass. 

Carbon disulphide should be colorless, completely volatile 
at the common temperature, and exercise no action upon lead 
<}arbonate or upon moistened, blue litmus-paper. 


n. Aoms AND Halooens. 

§ 24. 

The acids, at least those of pronounced character, are 
soluble in water. The solutions taste sour and redden lit- 
mus. Acids are divided into oxygen acids, hydrogen acids, 
and sulphur acids. 

JTie oxygm adds (anhydrides)^ resulting generally from the 
■combination of a non-metallio element with oxygen, combine 
with water in definite proportions — according to the views 
of dualistic chemistry — to form acid hydrates. It is with the 
latter that we have most to do. They are contained in the 
aqueous solutions of acid ; they are usually designated by 
the names of the free acids, because the union of the water 
does not take away the acid properties. If they act upon 
metallic oxides, the oxide takes the place of the water of 
hydration, and an oxygen salt results : HjO.SO, + K,0 = 
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E,O.SO, + H,0. If such salts arise from the combination of 
the acid with a strong base, the salts react neutral, provided 
that the acid, also, was a strong one. If, on the other hand, 
the base was a weaker one, for example, the oxide of a heavy 
metal, then the salts react acid. The latter are nevertlieless 
called neutral (normal) salts, if the proportion of the oxygen 
of the base to the oxygen of the acid remains the same as 
is observed in the recognized neutral salts of the same acids, 
that is, if it corresponds to the saturating capacity of the 
acid. Sulphate of potash, KaO-SO, , reacts neutral ; blue 
vitriol, CuO.SO3.5H2O, reacts acid. The latter, however, is 
called neutral (normal) sulphate of copper, because the oxygen 
of the copper oxide is to that of the sulphuric acid in the 
ratio 1 : 3, that is, in the same ratio in which the oxygen of the 
potash stands to that of the sulphuric acid in sulphate of 
potash, which is known to be neutral. 

According to more recent chemical views, it is not the 
acid anhydrides that are called acids, but the compounds 
which are characterized in dualistic chemistry as acid 
hydrates, and the formation of salts takes place by the 
replacement of hydrogen atoms by metallic atoms : HaS04 + 
Zn = ZnSO^ -f- H,. 

The hydrogen adds arise from the combination of the 
halogens with hydrogen. Most of them show the character 
of acids in a pronounced degree. They neutralize oxygen 
bases, forming halogen salts and water : 2HG1 -J- NUgO == 
2Na01 + H2O ; 6H01 + Fe^O, = Fe^Cl. + SH^O. The halo- 
gen salts which proceed from the action of strong hydrogen 
acids upon strong bases react neutral, while the solutions of 
those which are produced by the action of strong hydrogen 
acids upon weak bases (for example, alumina and ferric 
oxide) react acid. 

The sulphur adds result more frequently from the combi- 
nation of metallic than of non-metallio elements with sulphur. 
They combine — ^in the sense of dualistic chemistry — with sul- 
phur bases to form sulphur salts : As^S^ + = SNa^S. 

As^Sj. The sulphur acids are therefore analogous to the 
oxygen acids, and from the standpoints of dualistic and 
modern chemistry, the ways of viewing them vary in the same 
way from each other as in the case of the oxygen acids dir 
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cussed abore. Since the sulphur acids are weak, all the 
sulphur salts which are soluble in water react alkaline. 

a. OriGEN Acids. 

§ 26 . 

1. SuLPHUEic Acid, H^SO,. 

We use — 

a. Concentrated sulphuric add of commerce, so-called oU of 
vitriol. Colorless, sometimes also pale jellowish, oily liquid 
of 1.830 to 1.833 sp. gr. 

h. Concentrated pure sulphuric add. — Colorless, oily liquid 
of 1.836 to 1.840 sp. gr. 

I will here state that pure sulphuric acid is now so easily 
obtained from factories where plp,tinum apparatus is em- 
ployed, that the chemist in the laboratory is seldom required 
to prepare it for himself. Moreover, the preparation from 
glass retorts is disagreeable, and not entirely free from dan- 
ger. For the production of chemically pure sulphuric acid 
from the common acid, however, I recommend the following 
methods : 

a. Put 1000 g of ordinary concentrated sulphuric acid in 
a porcelain dish, add 3 g of ammonium sulphate, and heat 
till copious fumes of sulphuric acid begin to escape, in order 
to destroy the oxides of nitrogen which are present. After 
cooling, add 4 or 6 g of coarsely powdered manganese di- 
oxide, and heat to boiling, with stirring (Blondlot), in order 
to convert any arsenious acid into arsenic acid. When cool, 
pour off the clear fluid, by means of a long funnel-tube, into a 
retort coated with clay. The retort should not be more than 
half full, and is to be heated directly over charcoal. To 
prevent bumping, rest the retort on an inverted crucible cover, 
•so that the sides may be more heated than the bottom. The 
neck of the retort must reach so far into the receiver that the 
acid distilling over drops directly into the body. To cool the 
receiver by means of water is unnecessary and even danger- 
ous. To prevent the receiver coming into actual contact with 
iihe hot neck of the retort, some asbestus in large fibers is 
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placed between them. When about 10 or 15 g have been 
driven over, change the receiver, and slowly distil off three 
fourths of the contents of the retort. This method depends, 
on the fact discovered by BussY and Buignet, that, on dis- 
tilling sulphuric acid which contains arsenic in the form of 
arsenic acid, an arsenic-free distillate is obtained. 

Pour into 4 parts of water 1 part of concentrated sul- 
phuric acid, and conduct into the mixture for some time a 
slow stream of hydrogen sulphide, keeping the fluid heated 
to 70°. Let the mixture stand at rest for several days, then 
decant the clear supernatant fluid from the precipitate, which 
consists of sulphur, lead sulphide, perhaps also arsenic sul- 
phide, and heat the decanted fluid in a tubulated retort, with 
upturned neck and open tubulure, until sulphuric acid 
fumes escape with the aqueous vapor. The acid so purified 
is fit for many purposes of chemical analysis. If it is wished, 
however, to free it from non-volatile substances also, it may 
be distilled from a coated retort as in a. As soon as the 
drops in the neck of the retort become oily, the receiver is. 
changed, and the concentrated acid which then passes over is 
kept in a separate vessel. 

c. Common dilute sulphuric add , — To 6 parts of water in 
a lead or porcelain dish add gradually and while stirring, 1 
part of the concentrated sulphuric acid. 

Tests , — Pure sulphuric acid must be colorless. When a 
colorless solution of ferrous sulphate is poured upon it in a 
test-tube, no brown tint must mark the plane of contact of 
the two fluids (nitric acid, nitrous acid, nitrogen peroxide, 
perhaps also selenium). If the coloration is due to an oxygen 
compound of nitrogen, it will disappear by heating ; if it is 
due to selenium or one of its acids, selenium separates as 
a red precipitate by heating. When diluted with 20 parts 
of water, it must not impart a blue tint to a solution of 
potassium iodide mixed with starch paste (nitrous acid, 
nitrogen peroxide). Mixed with pure zinc and water, it must 
yield hydrogen gas, which on being passed through a red- 
hot tube, must not deposit the slightest trace of arsenic. It. 
must leave no residue upon evaporation on platinum, and 
must remain perfectly clear upon dilution with 4 or 6 
Darts of alcohol (lead, iron, calcium). The presence of small 
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quantities of lead is detected most easily by adding some 
hydrochloric acid to the sulphuric acid in a test-tube. If the 
plane of contact is marked by turbidity (lead chloride), lead 
is present. Sulphurous acid is discovered by the odor after 
shaking the acid in a half-filled bottle, or by finding if the 
acid diluted with water decolorizes water which is colored 
blue with iodized starch. The simplest way to test for am- 
monia is by means of Nesslee’s reagent (§ 96 ), after the acid 
has been largely diluted with water and the solution made 
somewhat alkaline with potassium hydroxide. 

Uses , — Sulphuric acid has for most bases a greater affinity 
than almost any other acid. It is therefore used principally 
for the liberation and expulsion of other acids, especially 
phosphoric, boric, hydrochloric, nitric, and acetic acids. The 
great affinity of sulphuric acid for water is the cause of the 
decomposition of many bodies which cannot exist without 
water oxalic acid), when they are brought into contact 
with concentrated sulphuric acid. The nature of the decom- 
posed body may in such cases be inferred from the products 
of decomposition. Sulphuric acid is also used for the evolu- 
tion of certain gases, more particularly of hydrogen and hy- 
drogen sulphide. It also serves as a special reagent for the 
detection and precipitation of barium, strontium, and lead. 

The kind of sulphuric acid (whether pure or common 
commercial, whether concentrated or dilute) that should 
be used in each case is shown by a consideration of the 
circumstances, and, moreover, it will be generally stated 
in this book. In using common oil of vitriol, it should be 
borne in mind that where the sulphurous acid used for ita 
manufacture is made from pyrites it may be very much con- 
taminated with the acids of arsenic. Such arseniferous 
sulphuric acid cannot be used for finer analytical purposes, 
and it is not at all adapted for the evolution of hydrogen ; 
for when the diluted acid acts upon zinc, hydrogen arsenide 
is given off with the hydrogen. 
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2. Nitkec Acid, HNO,. 

Preparation. — a. Take crude nitric acid of commerce, as 
free as possible from chlorine, and of a specific gravity of al 
least 1.31 (a weaker acid will not answer the purpose), heat 
it to boiling in a glass retort, with addition of some potassium 
nitrate ; let the distillate run into a receiver kept cool, and 
find from time to time whether, after dilution, it still continues 
to precipitate or cloud solution of silver nitrate. As soon as 
this ceases to be the case, change the receiver, and distil 
until a trifling quantity only remains in the retort. Dilute 
the distillate with water until the specific gravity is 1.2. 

&. Dilute crude nitric acid of commerce, of about 1.38 
sp. gr., with two fifths of its weight of water, and add 
solution of silver nitrate as long as a precipitate of silver 
chloride continues to form ; then add a further slight excess 
of solution of silver nitrate, let the precipitate subside, de- 
cant the perfectly clear, supernatant acid into a retort or an 
alembic with a ground head ; add some potassium nitrate free 
from chlorine, and distU until only a small quantity remains, 
taking care to attend to the proper cooling of the vapors dis- 
tilling over. Dilute the distillate, if necessary, with water 
until it has a specific gravity of 1.2. 

Tests . — ^Pure nitric acid must be colorless, and leave no 
residue upon evaporation on platinum foil. Solution of 
silver nitrate or of barium nitrate must not cause the slight- 
est turbidity in it when diluted with at least 3 parts of water. 
To test more accurately for sulphuric acid and to test for iodic 
acid, a somewhat larger amount is evaporated in a porcelain 
dish over an alcohol-lamp (not a gas-lamp) to a small volume. 
This is taken up with water, and a portion of the solution 
is tested with barium nitrate. Some carbon disulphide is 
added to the remainder of the liquid, a very minute quantity 
of hydrogen sulphide water or aqueous solution of sulphur- 
ous acid is added, and, after shaking, any violet coloration 
of the carbon disulphide is observed. Lower oxides of 
nitrogen are recognized by the fact that the acid, diluted 
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with 5 parts of water, is instantly made blue by a solution 
of starch paste and potassium iodide. These lower oxides 
are removed by passing air or carbonic acid through the 
moderately warm acid. The presence of silver is detected 
by the addition of hydrochloric acid to the diluted acid, and 
the occasional presence of selenious acid is detected by 
evaporating off the nitric acid and heating the residue with 
hydrochloric and sulphurous acids. 

Uses . — Nitric acid serves as a chemical solvent for metals, 
oxides, sulphides, oxygen salts, etc. With metals and sul- 
phides of metals, the acid first oxidizes the metal present, at 
the expense of part of its own oxygen, and dissolves it as 
nitrate. Most oxides are dissolved by nitric acid at once 
as nitrates, and so are most of the insoluble salts with 
weaker acids, the latter being expelled in the process by the 
nitric acid. Nitric acid also dissolves salts with soluble 
non-volatile acids, as calcium phosphate, with which it 
forms calcium nitrate and acid calcium phosphate, Nitric 
acid is used also as an oxidizing agent, e.gr., to convert 
ferrous salts into ferric salts, stannous salts into stannic 
salts, etc.; also for the recognition of certain alkaloids which 
produce characteristic color-reactions with nitric acid. 


§27. 

3. Aoetio Aged, 

Since a very concentrated acetic acid is never needed in 
qualitative analysis, the dilute acid of commerce suffices for 
the purpose. This is obtained, by the distillation of pure 
sodium acetate with sulphuric acid and some water, of 1.040 
sp. gr., corresponding to a contents of 29 per cent acetic 
acid. 

Tests . — Pure acetic acid must leave no residue upon evap- 
oration, and, after saturation with sodium carbonate, emit 
no empyreumatic odor. Hydrogen sulphide, solution of 
silver nitrate, and solution of barium nitrate must not color 
or cloud the dilute acid, nor must ammonium sulphide after 
neutralization of the acid by ammonia. Solution of indigo 
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must not lose its color •when heated with the acid. Empy- 
reumatic matter is best detected by neutralizing the acid 
with sodium carbonate, and adding solution of potassium 
permanganate. If the acid is free from empyreumatic mat- 
ter, no decolorization takes place in the course of ten 
minutes. 

If the acid is not pure, add some sodium acetate and re- 
distil from a glass retort, not quite to dryness. If it contains 
sulphur dioxide (in which case hydrogen sulphide will pro- 
duce a white turbidity in it), digest it first with lead dioxide 
or finely pul'verized manganese dioxide, and then distil, not 
f'ully to dryness, with sodium acetate. 

Uses . — ^Acetic acid possesses a greater solvent power for 
some substances than for others. It is used, therefore, to 
distinguish the former from the latter. It thus serves to 
distinguish calcium oxalate from calcium phospha'te. Acetic 
acid is used also to acidulate fluids where it is wished to 
avoid the employment of mineral acids. 


§28. 

4. Tartabio Acid, H,0,H.0,. 

The tartaric acid of commerce may be sufficiently pure. 
It must dissolve clear in water, and the diluted solutioii 
should not be colored, made turbid, nor a precipitate be 
formed by the addition of hydrogen sulphide, barium chlo- 
ride, calcium sulphate, or silver nitrate solutions. The solu- 
tion, when made alkaline with ammonia, ought not to be 
colored or made turbid by either ammonium sulphide or 
ammonium oxalate. The tartaric acid should leave no resi- 
due when burnt in a platinum dish. It is kept in powder, 
as its solution suffers decomposition after a time, "with the 
formation of mould. For use, it is dissolved in a little water 
trith the aid of heat. 

[/ses . — The addition of tartaric acid to solutions of salts 
of various metals, especially of iron and aluminium, prevents 
the usual precipitation of these metals by an alkali. This 
non-precipitation is o-jring to the formation of double tar- 
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trates, which are not decomposed by alkalies. Tartaric acid 
may therefore be employed to effect the separation of these 
metals from other bodies, the precipitation of which it does 
not prevent. Tartaric acid forms a difficultly soluble salt 
with potassium, but not so with sodium. It is therefore one 
of our best reagents to distinguish between the two metals. 
Acid sodium tartrate, HNaC^H^Oe, aJiswers the latter pur- 
pose still better than the free acid. This reagent is prepared 
by dissolving one of two equal portions of tartaric acid in 
water, neutralizing with sodium carbonate, then adding the 
other portion of the acid, and evaporating the solution to the 
crystallization point. For use, 1 part of the salt is dissolved 
in about 10 parts of water. 

6. Hydbogen Acids and Halogens. 

§29. 

1. Hydbochloeio Acid, HOI. 

Preparation . — Pour a cooled mixture of 7 parts of con- 
centrated sulphuric acid, which contains neither arsenic nor 
oxides of nitrogen (see § 25), and 2 parts of water over 4 
parts of sodium chloride in a retort ; expose the retort, with 
slightly raised neck, to the heat of a sand-bath until the 
evolution of gas ceases ; conduct the evolved gas, by means 
of a bent tube, into a flask containing 6 parts of water, and 
take care to keep this vessel constantly cool. To prevent the 
gas from receding, the tube ought to dip but about 2 mm 
into the water of the flask. When the operation is terminated, 
try the specific gravity of the acid produced, and dilute with 
water until it marks from 1,11 to 1.12. Pure hydrochloric 
acid can also be prepared from the crude acid of commerce, 
which at present usually contains arsenic. For this purpose, 
a concentrated solution of stannous chloride is added to it in 
sufficient amount so that after twenty-four hours a portion of 
the acid will give a white precipitate with mercuric chloride — 
an indication that the stannous chloride is present in excess. 
The resulting brown precipitate, containing all the arsenic and 
some tin, is allowed to settle, and the acid is separated from 
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tlie precipitate by decantation or, if necessary, by filtiation 
through asbestus. The acid is brought into a retort with the 
addition of from 1 to 5 per cent of sodium chloride, according 
to the amount of sulphuric acid that it contains ; then placing 
60 parts of water in the receiver for every 100 parts of con- 
centrated acid, and without luting the receiver to the retort, 
it IS distilled until nearly all the acid has gone over. 

Tests —Hydrochloric acid must be perfectly colorless and 
leave no residue upon evaporation. If it turns yellow on 
evaporation, ferric chloride is probably present, but organic 
substances may also give a similar color. It must not impart 
a blue tint to a solution of potassium iodide mixed with starch 
paste (chlorine or ferric chloride), must not destroy indigo- 
blue (chlorine), nor discolor a fluid made faintly blue with 
iodized starch (sulphur dioxide). Barium chloride ought not 
to produce a precipitate in the highly diluted acid (sulphuric 
acid). Small traces of sulphuric acid, how'ever, cannot be 
discovered in this manner. If such are to be tested for, a 
considerable quantity of the hydrochloric acid should be 
evaporated on the water-bath over an alcohol-lamp (not a 
gas-lamp) to a very small residue, and this, after taking it up 
in water, should be tested with barium chloride solution. 
Hydrogen sulphide must leave the diluted acid unaltered 
(arsenious acid, possibly also selenious acid or stannic 
chloride). After neutralization with ammonia, ammonium 
sulphide must produce no change in it (iron, thallium). With 
zinc which is free from arsenic, it must evolve pure (arsenic- 
free) hydrogen. 

jjses . — Hydrochloric acid serves as a solvent for many 
substances. It dissolves many metals and sulphides of 
metals as chlorides, with evolution of hydrogen or of hydro- 
gen sulphide. It dissolves metallic oxides and peroxides in 
the form of chlorides, in the latter case usually with libera- 
tion of chlorine. Salts with insoluble or volatile acids are 
also converted by hydrochloric acid into chlorides, with sep- 
aration of the original acid. Thus, calcium carbonate is con- 
verted into calcium chloride, with liberation of carbon di- 
oxide. Hydrochloric acid dissolves salts with non-volatile 
and soluble acids apparently without decomposing them (e.g^., 
calcium phosphate); but the fact is that in cases of this kind 
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a metallic chloride and a soluble acid salt of the acid of the 
dissolved compound are formed. For instance, in the case 
of calcium phosphate, calcium chloride and acid calcium 
phosphate are formed. With salts of acids forming no solu- 
ble acid compound with the base present, hydrochloric acid 
forms metallic chlorides, the liberated acids remaining free 
in solution (calcium oxalate). Hydrochloric acid is also ap- 
plied as a special reagent for the detection and separation of 
silver, mercury (of mercurous salts), and lead, and likewise 
for the detection of free ammonia, with which it produces in 
the air dense white fumes of ammonium chloride. 


§30. 

2. Chlorine (Cl) and Chlorine Water. 

Preparation . — Mix 18 parts of coarse common salt with 
16 parts of Jindy jydverized, good manganese dioxide, free 
from calcium carbonate ; put the mixture into a flask, pour a 
compLetdy cooled mixture of 45 parts of concentrated sulphuric 
acid (oil of vitriol) and 21 parts of water upon it, and shake 
the flask. A uniform and continuous evolution of chlorine 
gas will soon begin, which, when slackening, may be easily 
increased again by the application of gerdh heat. This 
metho^d of W^iggers is excellent, and can be highly recom- 
mended. To prepare chlorine water, conduct the chlorine 
gas evolved, first through a flask containing a little water, 
then into a bottle filled with cold water, and continue the 
process until the fluid is saturated. Where it is desired to 
obtain chlorine water quite free from bromine, the washing 
flask is changed after about one half of the chlorine has been 
expelled, and the gas which now passes over is conducted 
into a fresh bottle filled with water. If the chlorine water is 
to be quite free from hydrochloric acid, the gas must be 
passed through a U-tube containing manganese dioxide, or, 
according to Hampe’s directions, through an aqueous solution 
of potassium permanganate. The chlorine water must be 
protected from the action of light, since, if this precaution is 
neglected, it speedily suffers complete decomposition, being 



36 EEAGEJJ^TS. [§ 30. 

converted into dilute hydrochloric acid, with evolution of 
oxygen (resulting from the decomposition of water). Smaller 
quantities, intended for use in the laboratory, are best kept 
in a stoppered bottle, protected by a case of pasteboard, or 
else in a black bottle. 

Small quantities of chlorine can be conveniently prepared, 
in an appropriate generating apparatus, by allowing hydro- 
chloric acid, diluted with an equal volume of water, to act 
slowly in the cold upon cubes which are prepared, according 
to the directions of Cl. Winelek, from 1 part of plaster-of- 
Paris and 3 parts of bleaching-powder, with the addition of 
enough water, so that, by mixing, a moist, friable mass is 
produced.* 

Tests , — Chlorine water must have a very strong odor of 
chlorine, and must volatilize completely when heated in a 
porcelain dish. It should contain no, or almost no, free 
hydrochloric acid. After having been shaken with some 
metallic mercury until the chlorine odor has disappeared, 
should therefore give a filtrate which is at most only weakly 
acid. If chlorine water is shaken with carbon disulphide and 
finely divided zinc, the carbon disulphide should not be 
colored brownish red, not even transiently (bromine). 

JJses , — Chlorine has a greater affinity for hydrogen and for 
most metals than either iodine or bromine. Chlorine water 
is therefore an efficient agent to effect the expulsion of iodine 
and bromine from their compounds. Chlorine serves, more- 
over, to effect the solution of certain metals (gold, platinum), 
to decompose metallic sulphides, to convert sulphurous acid 
into sulphuric acid, ferrous into ferric compounds, etc., and 
also to effect the destruction of organic substances, as in 
presence of these it withdraws hydrogen from the water, thus 
enabling the liberated oxygen to combine with the vegetable 
matters and to effect their decomposition. For the latter pur- 
pose, it is often advisable to evolve the chlorine in the fluid 
which contains the organic substances, and this is effected by 
adding hydrochloric acid to the fluid, heating the mixture, and 
then adding potassium chlorate. This gives rise to the forma- 
tion of potassium chloride, water, free chlorine, and chlorine 
peroxide, which acts in a manner similar to chlorine. 


* Zeitschr. f . aiialyt. Chem., 26, 852. 
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§31. 

3. Nitro-Hydeoohloeic Acid, or Aqua regia. 

Preparation , — Mix 1 part of pure nitric acid with from 3 
to 4 parts of pure hydrochloric acid. 

Uses . — Nitric acid and hydrochloric acid decompose each 
other, the decomposition resulting in the formation of free 
chlorine, nitrosyl chloride, and water : 3HC1 + HN 03 = 2C1 -f- 
NOCl + 2Hj,0. This decomposition ceases as soon as the 
fluid is saturated with the gases, but it recommences at once 
when this state of saturation is disturbed by heating or by 
combination of the chlorine. The presence of free chlorine, 
and also, in a subordinate degree, that of the nitrosyl 
chloride, make aqua regia our most powerful solvent for 
metals (with the exception of those which form insoluble 
compounds with chlorine). Nitro-hydrochloric acid serves 
principally to effect the solution of gold and platinum, which 
are metals insoluble both in hydrochloric and in nitric acid, 
and also to decompose various metallic sulphides, e,gr., cinna- 
bar, pyrites, etc. 


§32. 

4. Hydrofluosiiioio Aotd, H^SiF.. 

Preparation . — Take 1^ parts of powdered glass, or 1 part 
of powdered, ignited flint, or 1 part of quartz sand. Whichever 
is used, it must be washed free from every particle of dust, 
and then ignited. Mix intimately with 1 part of perfectly 
dry fluor-spar in powder,* pour 6 parts of concentrated 
sulphuric acid over the mixture in a retort, which it is ad- 
visable to coat with clay, and mix carefully by shaking the 
vessel. As the mixture swells up when getting warm, it 
must at first fill the retort only to one third. The neck of 
the retort is connected air-tight with a small tubulated 
receiver, and the tubulure of the latter again, by means of 


* If the fluor-spar coutalns organic substances or metallic sulphides, it ia 
to be previously iguited with access of air ' 
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India-rnbber, with a wide glass tube bent twice at right angles^ 
To the descending limb of the glass tube a funnel is attached 
by means of a rubber tube, and this funnel is lowered into a 
beaker containing 4 parts of water. By moderately heating 
the retort oyer charcoal or over a gas-lamp, promote the dis- 
engagement of gaseous silicon fluoride, which commences 
even in the cold. Towards the end of the process, a pretty 
strong heat should be applied. Every gas-bubble produces 
in the water a precipitate of silicic acid, with simultaneous 
formation of hydrofluosilieic acid : SSiP^ + 2H30= 2 HaSLFe-f‘ 
SiOj. The precipitated silicic acid renders the liquid gelat- 
inous, and it is for this reason that the aperture of the 
descending limb of the tube cannot be allowed to dip directly 
into the water, since it would in that case speedily be choked. 
It sometimes happens in the course of the operation, espe- 
cially towards the end, that complete channels of silicic acid 
are formed in the gelatinous liquid, through which, if the 
liquid is not occasionally stirred, the gas gains the surface 
without undergoing decomposition. When the evolution of 
gas has completely ceased, throw the gelatinous paste upon a 
linen cloth, squeeze the fluid through, and filter it afterwards. 
It is most advantageously preserved for use in bottles of 
hard rubber. 

Tests , — Hydrofluosilieic acid must volatilize completely 
when heated in a platinum dish. Its dilute aqueous solution 
ought not to be precipitated with hydrogen sulphide, and it 
ought to produce no precipitate in the solution of a strontium 
salt (strontium sulphate). 

Uses , — Bases decompose with hydrofluosilieic acid, form- 
ing water and metallic silicofluorides. Many of these are 
insoluble, while others are soluble. The latter may therefore- 
be distinguished from the former by means of this reagent. 
In the course of analysis, hydrofluosilieic acid is applied 
simply for the detection and separation of barium. 
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c. SuLPHUB Acids. 

§ 33. 

1. Htdeogen Sulphide, Eydrosulphunc Adid^ or 
Svlphuretted Hydrogen, H,S. 

Preparation . — Hydrogen sulphide is usually * evolved from 
iron sulphide, which is broken into small lumps and then 
treated with dilute sulphuric or hydrochloric acid. Fused 
iron sulphide may be purchased cheaply, or may be made by 
heating iron turnings, or iron nails 3 or 4 cm long, in a 
covered Hessian crucible to a bright red heat, and then adding 
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small lumps of roll-sulphur until the entire contents of tho 
crucible are in fusion. As soon as this is the case, pour the 
fused mass upon sand, or into an old Hessian crucible ; or 
make a hole in the bottom of the crucible, when the iron 
sulphide will run through as fast as it forms, and may be 
received in a shovel placed in the ash-pit ; or introduce an 
intimate mixture of 30 parts of iron filings and 21 parts 

* The evolution of hydrogen sulphide for Judicial purposes will be dis- 
cussed in the section which treats of the detection of poisonous metals in parts 
of dead bodies, etc 
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of flo-wers of sulphur in small portions into a red-hot 
crucible, awaiting always the incandescence of the portion 
last introduced before proceeding to the addition of a fresh 
one. When the whole mixture has thus been put into the 
crucible, cover the latter closely, and expose it to a more 
intense heat, sufficient to make the iron sulphide fuse more 
or less. 

The evolution of the gas may be effected in the appaj'atus 
illustrated by Fig. 32. Pour water over the iron sulphide in 
a ; add concentrated hydrochloric or sulphuric acid, and 
shake the mixture ; the evolved gas is washed ia c. When a 
sufficient q^uantity of gas is evolved, pour the fluid off the still 
undecomposed iron sulphide, rinse the bottle repeatedly with 
water, then fill it with that fluid, and keep it for the next 
operation. If this precaution is neglected, the apparatus 
soon becomes incrusted with ferrous sulphate, and the proper 
evolution of gas is prevented. 

For large laboratories, or for chemists having to operate 
often and largely with hydrogen sulphide, I recommend, if a 
gasometer is not preferred, the apparatus devised by Bbxtg- 
NATBLLI, modified as shown in Fig. 33. The bulb 5, which is 
provided with a tubulure* at a, contains coarse pieces of glass 
in its neck with iron sulphide in small pieces in its body. 
The rubber stopper closing the neck carries on one side 
the tube a (which under certain conditions can be omitted ; see 
below), on the other side the short tube c, which must be ai 
least a cesivmet&r in inside diameter, and which is united by 
means of a short rubber tube with the tube d of the same 
diameter, leading into the bottle A. The tube c reaches 
nearly to the bottom of A, and is connected at the other end 
by means of the rubber tube / with the bottle M. The latter 
bottle is closed by a stopper, which carries a short tube open 
at both ends. The stopper in the tubulure a of the bulb £ 
carries a glass tube, which is united by means of a rubber 
tube to the lead pipe q, which carries the gas to its destina- 
tion, and is provided with brass stop-cooks, h, h, i, i. To set 
the apparatus in operation, a mixture of 1 volume of crude 


* Flasks with a tubulure at the side, such as are commonly used as re- 
ceivers, as shown in BstroNATiiLLi’s original diawing (Zeitscbr. f. analyt. 
Gbem , 6, 390), can also be used, but aie less appiopriatc. 
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liydroohlorio acid, as free as possible from arsenic, and 2 
Tolumes of 'water is put into M, the cock % being opened. 
The liquid enters fills the bottle, and rises through d and 
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c into the bulb B. As soon as it has almost filled the neck, 
the cock h is closed, and care is taken that M is only about 
^ B ,l f filled. If the cock 6 and one of the cooks i are now 
opened, the acid rises to the iron sulphide in .8, the evolution 
of hydrogen sulphide commences, and continues with great 
regularity, because the wide tubes c and d allow the descent 
of the resulting heavier ferrous chloride solution and the 
ascent of new acid to the iron sulphide. If it is desired to 
increase the contact of the acid ■with the iron sulphide, one 
or more boards are placed under M, thus increasing the 
pressure of the liquid. The stream of gas can be entirely 
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regulated by raising and lowering the bottle M, as Bruona- 
TBiil recommends. However, if the apparatus is to be em- 
ployed for passing the gas into several liquids at the same 
time, as is the case in large laboratories, cocks become neces- 
sary. If the apparatus is not to be used for a considerab^ 
time, the bottle M is lowered. The liquid then falls m B, 
and is not in contact with the iron sulphide, so that t e 
evolution of gas gradually ceases. If, under this cou<^tion, 
hydrogen sulphide is not evolved fast enough in B to fill the 
space previously occupied by the liquid, air goes in through 
the tube s. This tube, if it is used at all (see below), is made 
rather long in order that liquid cannot escape from it when 
the hydrogen sulphide gas has to overcome the pressure of a 
column of water of considerable height. If the iron sulphide 
which is moistened with acid evolves stUl more hydrogen sul- 
phide after the liquid has passed down, the only consequence 
is that somewhat more acid flows from A into M. The tube 
8 can be omitted when cooks are used. In this case, the liquid 
in S sinks more slowly when is lowered, because the space 
occupied by the acid which flows out is filled solely by hydro- 
gen sulphide. In the absence of a cock, however, the tube s 
is necessary, in order to avoid the sucking back of any liquid 
into which hydrogen sulphide is being passed at the time 
when M is lowered. By the use of cocks, this inconvenience 
can be easily avoided by closing h before lowering M. The 
gas passing out of i, i is led through wash-bottles or in 
winter through U-shaped tubes filled with cotton. 

When the acid is finally exhausted, M is placed lower than 
A ; while if the tube s has been replaced by the air-cock /t, the 
latter is opened. All the liquid then goes into Jf, and can be 
poured out. 

If a Woulpb’s bottle with three necks is used as the vessel 
A, a siphon-tube provided with a pinch-cock can be placed 
in the third tubulure, and the ferrous chloride solution col- 
lecting at the bottom can be allowed to flow off from time to 
time. In this case, the lower branch of the tube e should be 
given such a length that it reaches only half-way to the bottom 
of A, so that the hydrochloric acid flowing in does not mix 
with the ferrous chloride solution. 

I am so well satisfied with the performance of this appara- 
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tus that I have given up the large lead generator which I 
had used for many years (see the previous editions), and have 
replaced it by the modified Beugnatelli’s generator. A lead 
apparatus of essentially improved construction has recently 
been recommended by Cl. Winklee.^ 

The following apparatus, devised by Be, Mohr, depends 
upon the same principle as the one just described, and is 
especially adapted for the evolution of the gas upon a smaller 
scale (Fig. 34). The glass vessel A (commonly used for des- 
iccating gases) has a perforated disk of lead at 6, and 
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above is nearly filled with lumps of fused iron sulphide. 
To the end of d is fixed, by means of the rubber tube a, a 
small piece of wide glass tube, which is filled with cotton, 
and is intended to stop any particles of liquid which may be 
spirted up. c is a glass cook with a long wooden handle 
(which may be replaced by a pinch-cock) ; e contains a solu- 
“tion of sodium carbonate to prevent the escape of hydrogen 


* Zeitscbr. f. analyt. Cbem , 21, 886. 
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sulphide. The acid used in -B is a mixture of common hydro- 
chloric acid with two measures of water. 

Of the many generators which serve the same purpose, 
I will mention only the one proposed by Pohl, which is sim^ 
pie and convenient in operation. It is 
shown in Fig. 36. 

The bottle A, containing dilute sul- 
phuric acid, has a capacity of from 2 to 
2.6 1. In the rubber stopper B is the 
heavy glass rod the surface of the 
upper part of which is ground. This 
rod should be of at least 9 mm diameter, 
and should be movable by the use of some 
force. It carries upon its lower end the 
perforated basket ^of so-called hard rub- 
ber or of porcelain. This is lined with 
coarse linen, and filled with pieces of iron 
sulphide. If the glass rod is pushed down 
so far that the iron sulphide just dips 
into the liquid, a slow stream of hydrogen 
sulphide results, which can be increased 
by pushing the basket down further, and 
can be interrupted by removing it from the liquid. The wide 
tube It connecting with the delivery-tube is filled with cotton, 
and takes the place of a wash-bottle. 

Hydrogen siiLplhide water is usually prepared by conducting 
the gas into very cold water, which has been previously freed 
from air by boiling. The operation is continued until the 
water is saturated with the gas, which may be readily ascer- 
tained by closing the mouth of the flask with the thumb, 
and shaking it a little. If a pressure is felt from within, 
the operation may be considered at an end. Hydrogen sul- 
phide water must be kept in well-closed vessels, otherwise it 
will soon suffer decomposition, the hydrogen being oxidized 
to water and a small portion of the sulphur to sulphuric acid, 
the rest of the sulphur separating. It keeps for a long time 
if put into small bottles immediately after its preparation, 
and these are well corked and inverted into cups filled with 
water. 

Hydrogen sulphide water must be perfectly clear, must 
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strongly emit the odor of the gas, and when treated with ferric 
chloride it must yield a copious precipitate of sulphur. Ad- 
dition of ammonia must not impart a blackish appearance to 
it, and upon evaporation on platinum it must leave no residue. 

Uses. — Hydrogen sulphide has a strong tendency to undergo 
double decomposition with metallic oxides, forming water and 
metallic sulphides, and the latter, being mostly insoluble in 
water, are usually precipitated in the process. By modifying 
the conditions of precipitation, we may divide the whole 
of the precipitable metals into groups, as explained in Section 
HI. Hydrogen sulphide is, therefore, a very valuable agent 
for separating the metals into the principal groups. Some 
of the precipitated sulphides exhibit characteristic colors, 
indicative of the individual metals which they contain. The 
great facility with which hydrogen sulphide is decomposed 
renders this substance a useful reducing ^gent for many 
compounds. Thus, it serves to reduce ferric' salts to ferrous 
salts, chromic acid to chromic oxide, etc. Ta these reduc- 
tions, the sulphur separates in the form of a fine white 
powder. Whether it is better to apply the hydrogen sul- 
phide in the gaseous form or in aquepus solution dependa 
upon circumstances. i 

HE. Bases, Metals, and Sulphides. 

§ 34 . 

The bases are divided into oxygen bases and sulphur 
bases. The first are formed by the union of metals or com- 
pound radicals similar to them with oxygen, the latter from 
the combination of the same with sulphur. * ' . 

The oxygen bases are classified into alkalies, altftji earths, 
earths proper, and oxides or hydroxides of the heavy 'metals. 
The alkalies are readily soluble in water ; the alkali earths 
dissolve with greater diflSculty in that liquid ; and magnesia, 
the last member of the class, is only very sparingly soluble in 
it. The earths proper and the oxides and hydroxides of the 
heavy metals are insoluble in water or nearly so (except 
thallious hydroxide). The solutions of the alkalies and 
alkali earths are caustic when sufficiently concentrated ; they 
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have an alkaline taste, change the yellow color of turmeric- 
paper to brown, and restore the blue tint of reddened litmus- 
paper ; they saturate acids completely, so that even the salts 
which they form with strong acids do not change vegetable 
colors, while those with weak acids generally have an alkaline 
reaction. The earths proper and the oxides of the heavy 
metals likewise combine with acids to form salts, but, as a 
rule, they do not entirely take away the acid reaction of the 
latter. 

The svlphwr baseSy which result from the combination of 
the metals of the alkalies and alkali earths with sulphur, are 
more or less soluble in water. The solutions react strongly 
alkaline. The remaining sulphur bases are not soluble in 
water. Many sulphur bases form salts with sulphur acids. 

a . Oxygen Bases. 


Of. Alkalies. 


§35. 

1. Potassium Hydroxide, or Gaustw Potashy KOH, and 
Sodium Hydroxide, or Gaustio Soda, NaOH. 

The preparation of perfectly pure caustic potash or soda 
is a difiScult operation. In addition to perfectly pure caustic 
alkali, therefore, it is advisable to provide some which is not 
quite pure, and some which, being free from certain impuri- 
ties, may in many cases be safely substituted for the pure 
substance. 

a. Common solution of sodium hydrroxide , — ^Put into a clean 
cast-iron kettle furnished with a lid, 3 parts of crystallized 
sodium carbonate of commerce and 15 parts of water ; heat to 
boiling, and add, in small portions at a time, thick milk of 
lime prepared by pouring 3 parts of warm water over 1 part 
of quicklime, and letting the mixture stand in a covered 
vessel until the lime is reduced to a uniform mass. Keep 
the liquid in the kettle boiling while adding the milk of 
lime, and for a quarter of an hour longer; then filter 
off a small portion, and determine whether the filtrate stil] 
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causes effervescence in hydrochloric acid. If this is the 
case, the boiling must be continued, and if necessary some 
more milk of lime must be added to the fluid. When the 
solution is perfectly free from carbonic acid, cover the 
vessel, allow the fluid to cool a little, and then, by means of 
a siphon filled with water, draw off the nearly clear solu- 
tion from the residuary sediment, and transfer it to a glass 
flask. Boil the residue a second and a thii’d time with water 
and draw off the fluid in the same way. Close the mouth 
of the flask, and allow the lime suspended in the fluid to 
subside completely. Scour the iron vessel clean, pour the 
clear solution back into it, and evaporate it to 6 or 7 parts. 
The solution so prepared contains from 11 to 13 per cent of 
sodium hydroxide, and has a specific gravity of from 1.13 to 
1.15, If it is wished to filter a solution of caustic soda which 
is not quite clear, a covered funnel should be used, which 
has been charged first with lumps of white marble and then 
with powder of the same, the fine dust being rinsed out with 
water before the filter is used (Geaeger). Solution of caustic 
soda must be clear, colorless, as free as possible from car- 
bonic acid, and ammonium sulphide must not impart a black 
color to it. If tlie lye is treated with hydrogen sulphide, 
then acidified with hydrochloric acid and heated, it should 
yield only a separation of sulphur and no colored precipitate 
(vanadic acid). 

Traces of silicic acid, alumina, boric acid, and phosphoric 
acid, and small amounts of sodium chloride and sodium 
sulphate are usually found in a solution of caustic soda 
prepared in this manner, on which account it is unfit for use 
in accurate experiments. Commercial caustic soda, and the 
solutions prepared from it, usually contain some nitrate 
and nitrite. Solution of caustic soda is kept best in bottles 
closed with ground-glass caps. In default of capped bottles, 
common ones with well-ground stoppers may be used. In 
this case, the neck must be wiped perfectly dry and clean 
inside and the stopper coated with paraffine. If this pre- 
caution is neglected, it will be found impossible after a 
time to remove the stopper, particularly if the bottle is only 
raarely opened. 

6. Potassium hydroxide purified with afcofeoZ.~ Dissolve 
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some commercial caustic potash in rectified alcohol, in a 
stoppered bottle, by digestion and shaking ; let the fluid stand, 
decant or filter if necessary, and evaporate the clear fluid in a 
silver dish over the gas- or spirit-lamp until no more vapors 
escape, adding from time to time, during the evaporation, 
some water to prevent blackening of the mass. Place the 
silver dish in cold water until it has sufficiently cooled, 
remove the cake of potash from the dish, break it into coarse 
lumps in a hot mortar, and keep in a well-closed glass bottle. 
When required for use, dissolve a small piece in water. ^ 

The potassium hydroxide thus prepared is sufficiently 
pure for most purposes. It contains a minute trace of 
alumina, but is usually free from phosphoric, sulphuric, and 
silicic acids. The solution must remain clear upon addition 
of ammonium sulphide, and this solution, upon being acidified, 
should behave like the sodium hydroxide (see a ) ; hydrochloric 
acid must only produce a barely perceptible effervescence in 
it. Upon evaporation to dryness, the solution acidified with 
hydrochloric acid must leave a residue which dissolves in 
water to a clear fluid, and when mixed with ammonia in 
the least possible excess, it must not show any flocks of 
alumina — at least until it has stood in a warm place for 
several hours. The solution acidified with nitric acid must 
not give any precipitate with a nitric acid solution of ammo- 
nium molybdate. 

c. Potassium hydroxide prepared with baryta . — Drssolve 
pure crystals of baryta (§ 37) by heating with water, and add 
to the solution pure potassium sulphate until a portion of the 
filtered fluid, acidified with hydrochloric acid and diluted, no 
longer gives a precipitate on addition of a further quantity of 
the sulphate (16 parts of crystals of baryta require 9 parts 
of potassium sulphate). Let the turbid fluid clear, decant, 
and evaporate in a silver dish as in h. The caustic potash so 
prepared is pure, except that it contains a trifling admixture 
of potassium sulphate, which is mostly left behind upon 
dissolving in a little water. It is but rarely required, how- 
ever, its use being exclusively confined to the detection of 
minute traces of aluminium. 

Uses . — The great affinity which the fixed alkalies possess 
for acids renders these substances powerful agents to effect 
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the decomposition of the salts of most bases, and consequently 
the precipitation of those oxides or hydroxides which are in- 
soluble in water. Many hydroxides thus precipitated redis- 
solye in an excess of the precipitant, as those of aluminium, 
chromium, and lead ; while others remain undissolved, as 
those of iron, bismuth, etc. The fixed alkalies, therefore, 
serve as a means of separating the former from the latter. 
Caustic potash and soda also dissolve many salts (e.gr., 
lead chromate, sulphur compounds, etc.), and thus aid in 
sepaj.’ating and distinguishing them from other substances. 
Many of tLe hydroxides and oxides precipitated by the action 
of potassium or sodium hydroxide exhibit peculiar colors, or 
possess other characteristic properties that may serve to lead 
to the detection of the individual metal which they respectively 
contain. Such are, for instance, the precipitates of man- 
ganous hydroxide, ferrous hydroxide, and mercurous oxide. 
The fixed alkalies expel ammonia from its salts, and enable us 
to detect that body by its odor, its action on vegetable colors, 
etc. In contact with iron and zinc or with aluminium, 
they cause the evolution of hydrogen, which in the nascent 
state converts the nitrogen of nitric and nitrous acids into 
ammonia, etc. 


2. Ammonia, NH,. Ammonium Hydroxide, NH^OH. 

PrepdTation, — For preparing the aqueous solution of am- 
monia on a small scale, the following method answers well : 
Introduce into a flask 4 parts of ammonium chloride, either 
crystallized or in coarse powder, and the dry slaked lime 
prepared from 6 parts of quicklime i mix by shaking, and cau- 
tiously add enough water to make the powder agglomerate 
into lumps. Set the flask in a sand-bath and connect it with 
a wash-bottle and delivery-tube. Put a very small quantity 
of water in the bottle, and about 10 parts of water in the 
flask destined to absorb the gas. Place the latter in cold 
water, and then begin to apply heat. Evolution of gas 

* I have described a reliable method for its preparation on a large scale in 
iiie Zeitschrift filr analytische Ohemie, 1, 18ft. 
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speedily sets in. Continue to heat until no more bubbles 
appear. Open the cork of the flask to prevent the receding of 
the fluid. The solution of ammonia contained in the wash- 
bottle is impure, but that contained in the receiver is pure ; 
dilute the latter with water until the specific gravity is about 
.96 (=10 per cent of ammonia). Keep the fluid in bottles 
closed with ground stoppers. 

Tests . — Solution of ammonia must be colorless, and ought 
not to leave the least residue when evaporated in a platinum 
dish. When heated with an equal volume of lime-water, it 
should cause no turbidity — at least not to a very marked ex- 
tent (carbonic acid). It must remain clear when ammonium 
oxalate is added to it. When supersaturated with nitric acid, 
it should yield a colorless solution (ppudine bases). This 
acidified solution should not be rendered turbid by barium 
nitrate or silver nitrate, nor should hydrogen sulphide im- 
part to it the slightest color. By neutralizing it with dilute 
hydrochloric acid, a colorless, odorless liquid (no empyreu- 
matic odor) must result. 

Uses. — Ammonia-water is actually only a solution of 
ammonia in water. It is, however, sometimes convenient to 
assume that by the union of ammonia with water, ammo- 
nium oxide or ammonium hydroxide forms (2NH3 + H3O = 
(NHJgO, or NH3 + HjO = NH^OII), and that ammonia-water 
contains one of these. Upon this assumption, solution of 
ammonia may be looked upon as a fluid analogous to solu- 
tions of caustic potash and soda, which greatly simplifies the 
explanation of all its reactions, the salts resulting from the 
neutralization of acids by solution of ammonia being assumed 
to contain ammonium, NH^, instead of Ammonia is one 

of the reagents most frequently used. It is especially applied 
for the saturation of acid fluids, and also to eflect the pre- 
cipitation of numerous metallic hydroxides. Many of these 
precipitates redissolve in an excess of ammonia, as, for in- 
stance, tlie liydroxides of zinc, cadmium, silver, copper, etc., 
while others are insoluble in free ammonia. This reagent 
may therefore serve to separate and distinguish the former 
from the latter. Some of these precipitates, as well as their 
solutions in ammonia, exhibit peculiar colors, which may at 
once lead to the detection of the metal which they contain. 
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Many hydroxides which are precipitated by ammonia 
from neutral solutions are not precipitated by this reagent 
from acid solutions, their precipitation from the latter being 
prevented by the ammonium salt formed in the process* 
Compare § 56. 


/?. Alkat.i Earths. 


§37. 

1. Barium Hydroxide, or Baryta^ Ba(OH),. 

Preparation , — There are many ways of preparing baryta, 
but as witherite (barium carbonate) is now cheaply procur- 
able, I prefer the following: Mix intimately together 100 
parts of finely pulverized witherite, 10 parts of charcoal in 
powder, and 5 parts of rosin ; put the mixture in an earthen- 
ware crucible, lute on the lid with clay, and expose the cru- 
cible so prepared to the heat of a brick-kiln. Break and 
triturate the baked mass, boil repeatedly with water in an 
iron pot, filter into bottles, stopper, and let them stand in the 
cold, when large quantities of crystals of barium hydroxide, 
Ba(0H),.8H,0, ^vill make their appearance. Let the crys- 
tals drain in covered funnels, dry rapidly between sheets 
of blotting-paper, and keep in well-closed bottles. For 
use, dissolve 1 part of the crystals in 20 parts of water, with 
the aid of heat, and filter the solution. The laryta-water 
so prepared is purer than the mother-liquor running off from 
the crystals. The residue, which is insoluble in water and 
consists of undecomposed witherite and charcoal, may be 
turned to account in the preparation of barium chloride. 

Tests. — Baryta- water must, after precipitation of the barium 
by pure sulphuric acid, give a filtrate remaining clear when 
mixed with alcohol and leaving no fixed residue upon evapora- 
tion in a platinum crucible. After addition of acetic acid to 
acid reaction, it ought not to be colored nor precipitated by 
hydrogen sulphide. 

Uses , — Barium hydroxide being a strong base precipitates 
the metallic hydroxides insoluble in water from the solutions 
of their salts. In the course of analysis, we use it especially 
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to precipitate magnesia. Baryta-water may also be used to 
precipitate those acids whicb form insoluble barium com- 
pounds. With this in view, it is applied to effect the detec- 
tion of carbonic acid, the removal of sulphuric acid, phos- 
phoric acid, etc. 


§38. 


2. Oaloium Hydboxide, or Zi7?^c, Oa(OH),. 

Use is made of — 

a. Ccdcium hydroxide in the form of a fine powder. 6. 
water. 

Calcium hydroxide is obtained by slaking lumps of pure 
calcined lime in a porcelain dish with half their weight of 
water. The heat which accompanies the combination of the 
lime and the water is sufficient to evaporate the excess of 
water. Slaked lime must be kept in a well-stoppered bottle. 

To prepare lime^water^ digest slaked lime for some time 
with cold distilled water, shaking the mixture occasionally ; 
let the undissolved portion of lime subside, decant, and keep 
the clear fluid in a well-stoppered bottle. If it is wished to 
have the lime-water quite free from all traces of alkalies, 
baryta, and strontia, which are almost invariably present in 
slaked lime prepared from calcined limestone, the liquids ot 
the first two or three decantations must be removed, and the 
fluid decanted afterwards alone used. 

Tests, — Lime-water must impart a strongly marked brown 
tint to turmeric-paper, and give a not too inconsiderable 
precipitate with sodium carbonate. It speedily loses these 
properties upon exposure to the air, and is thereby rendered 
totally unfit for analytical purposes. 

Uses . — With many acids, lime forms insoluble salts ; with 
others, soluble salts. Lime-water may therefore serve to dis- 
tinguish the former acids, which it precipitates from their 
solutions, from the latter, which it will of course fail to pre- 
cipitate. Many of the precipitable acids are thrown down 
only under certain conditions, e.g., on boiling (citric acid), which 
affords a ready means of distinguishing between them by 
altering these conditions. We use lime-water in analysis 
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principally to effect the detection of carbonic acid, and also 
to distinguish between citric acid and tartaric acid. Slaked 
lime is chiefly used to liberate ammonia from ammonium salts. 


y, Heayy Metai£ and their Oxides and Hydroxides. 

§ 39. 

1. Zinc, Zn. 

Zinc of good quality should be selected, which dissolves in 
^sulphuric acid completely or leaves only a very slight residue, 
and which contains no arsenic. The latter impurity must be 
tested for by methods given in Section III, under reactions 
for arsenious acid. Fuse the metal and pour it in a thin 
stream into a large vessel of water. Zinc which contains 
arsenic must be rejected, for no practicable process of purifi- 
•cation is known (Buot and Stober).* 

Uses . — In qualitative analysis, zinc serves for the evolution 
•of hydrogen, and also of hydrogen arsenide and antimonide. 
It is occasionally used also to precipitate some metals from 
their solutions, in which process the zinc simply displaces 
the other metal : CuSO^ + Zn = ZnSO^ Cn. Zinc is also 
sometimes used for the detection of sulphurous acid and 
phosphorous acid, and it must then be tested for zinc sulphide 
or zinc phosphide, as the case may be. For the manner of 
using and the testing, see Section ITT, under the reactions for 
:8ulphurous and phosphorous acids. 

2. Aluminium, A1. 

Aluminium may serve for precipitating many metals from 
their solutions, but is employed especially for the reduction 
of nitric acid, sulphurous acid, and other oxygen salts. It is 
used in the form of fine drillings. It must dissolve in potas- 

* According to Gunning (Scheikundige Bijdragen, Deel I, Nr I, p. 113), 
the purification may be ejffected by repeated fusion with a mixture of sodium 
•carbonate and sulphur ; according to Sblmi (Zeitschr t analyt. Ohem , 22, 76), 
by treating molten zinc with ammonium chloride ; according to Lbscobub 
<Compt rend., 116, 68), by first fusing with potassium nitrate, then with zinc 
•chloidde. 
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sium hydroxide without leaTiug a residue. The hydrogen gas- 
thus evolved ought not to blacken papers moistened with 
silver nitrate or lead acetate. 


3. Ibon, Fe. 

Iron reduces many metals, and precipitates them from 
their solutions in the metallic state. We use it especially for 
the detection of copper, which precipitates upon it with its 
characteristic color. Any clean surface of iron, such as a 
knife-blade, a needle, a piece of wire, etc., will serve for this 
purpose. 

4. Copper, Ou. 

We use copper to effect the reduction of mercury, and 
sometimes, also, for the deposition of arsenic. Any bright 
copper surface (sheet or wire) can be used for the experiments. 

§40. 

6, Bisituth Hvdeoxidb, BiOOH. 

Preparation. — Dissolve bismuth, freed from arsenic by 
fusion with sodium sulphide {h&par svlphuris), in dilute nitric 
acid ; dilute the solution till a slight permanent precipitate is 
produced, filter, and evaporate the filtrate to crystallization. 
Wash the crystals with water containing nitric acid, triturate 
them with water, add ammonia in excess, and let the mixture 
digest for some time ; then filter, wash, dry the white precipi- 
tate, and keep it for use. 

Tests . — The bismuth hydroxide (instead of which basic 
bismuth nitrate may be used if it is entirely free from arsenic 
and antimony) is dissolved in dilute nitric acid, and precipi- 
tated with hydrogen sulphide. Part of the precipitated sul- 
phide is treated with ammonia and filtered, and part is treated 
with ammonium sulphide and filtered. These filtrates are 
then mixed with hydrochloric acid in excess. The first 
should give no precipitate, and the second only a white pre- 
cipitate of sulphur. 

Uses . — When boiled with alkaline solutions of metallic 
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sulphides, bismuth hydroxide reacts with the latter, giving 
rise to the formation of metallic oxides and bismuth sulphide. 
We use this reagent principally to convert arsenious sul- 
phide and arsenic sulphide into arsenious and arsenic acids. 

6. Sulphides. 

§41. 

1. Ammonium Sulphide, (NH,),S. 

We use in analysis — 

a. Colorless ammonium monosiUpJiide, 

K Ydhw ammonium joolyaulphide. 

Preparation. — Transmit hydrogen sulphide through 3 
parts of ammonia solution until no further absorption takes 
place, then add 2 parts of the same ammonia solution. The 
action of hydrogen sulphide upon ammonia gives rise to the 
formation, first, of (NH^)aS, then of NH^SH. Upon addition 
of the same quantity of solution of ammonia as has been 
saturated, the ammonia reacts with the ammonium hydro- 
sulphide, and ammonium sulphide is formed. The rule, 
however, is to add only two thirds of the quantity of solu- 
tion of ammonia, as it is better that the preparation should 
contain a little ammonium hydrosulphide than that free 
ammonia should be present. To employ ammonium hydro- 
sulphide instead of the simple sulphide is unnecessary, and 
tends to increase the smell of hydrogen sulphide in the labo- 
ratory, for the compound allows that gas to escape when act- 
ing upon acid sulphides. 

Ammonium sulphide should be kept in well-corked phials. 
It is colorless at first, and deposits no sulphur upon addition 
of acids. Upon exposure to the air, however, it acquires a 
yellow tint, owing to the formation of ammonium disulphide, 
which is attended also with formation of ammonia and water : 
2 (NH,).S + 0 = (NH,),S, + 2 NH 3 + H,0.^ Continued action 
of the oxygen of the air upon the ammonium sulphide tends 
at first to the formation of still higher sulphides, but after- 
wards the fluid deposits sulphur; finally all the ammonium 
sulphide is decomposed, and the solution contains noth» 
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ing but ammonia and ammonium thiosulphate. The forma- 
tion of thiosulphate proceeds as follows : (NHJj,Sa -j- 30 = 

The ammonium sulphide which has turned yellow by 
moderate exposure to the air may be used for all purposes 
requiring the employment of yellow ammonium sulphide. 
The yellow sulphide may also be expeditiously prepared by 
digesting the monosulphide with some sulphur. All kinds of 
yellow ammonium sulphide deposit sulphur, and look turbid 
and milky on being mixed with acids. 

Tests , — ^Ammonium sulphide must strongly emit the odor 
peculiar to it, and with acids it must evolve abundance of 
hydrogen sulphide. The evolution of gas may be attended 
by the separation of a pure white precipitate, but no other 
precipitate must be formed. Upon evaporation and exposure 
to a red heat in a platinum dish, it must leave no residue. 
Even on heating, it must not precipitate or render turbid solu- 
tion of magnesium sulphate or solution of calcium chloride 
(free ammonia, ammonium carbonate). 

Uses , — ^Ammonium sulphide is one of the reagents most 
frequently employed. It serves (a) to effect the precipitation 
of those heavy metals which hydrogen sulphide fails to throw 
down from acid solutions, c.y., iron, cobalt, etc. : (NHJgS -f- 
FeSO^ = FeS + (NH^)jS 04 ; (h) to separate the metallic sul- 
phides thrown down from acid solutions by hydrogen sul- 
phide, since it dissolves some of them to sulphur salts, as 
the sulphides of arsenic and antimony, etc., leaving others 
undissolved — ^for instance, lead sulphide, cadmium sulphide, 
etc. The ammonium sulphide used for this purpose must 
contain an excess of sulphur if the metallic sulphides to 
be dissolved will dissolve only as higher sulphides. For 
example, stannous sulphide, SnS, dissolves with ease only 
after being changed to stannic sulphide, SnS,. 

From solutions of aluminium and chromium salts, ammo- 
nium sulphide precipitates hydroxides, with escape of hydro- 
gen sulphide, as the sulphur compounds corresponding to 
these hydroxides cannot form in the wet way : A1 (SO ) 
-f- 3(NH0,S + 6H.0 = A1.(0H). + 3(NH0,SO, + 3H,S. ’ Salts 
insoluble in water are thrown down by ammonium sulphide 
unaltered from their solutions in acids. For instance, calcium 
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phosphate is thus precipitated from its solution in hydro* 
chloric acid. 


§43. 

2. SoDiDK Sulphide, Na,S. 

Preparation . — ^The same as ammonium sulphide, except 
that solution of caustic soda is substituted for solution 
of ammonia. Filter, if necessary, and keep the fluid in 
'well-stoppered bottles. If required to contain some higher 
sulphide of sodium, digest "with powdered sulphur. When 
hydrochloric acid is added to the solution which has been 
somewhat diluted with water, there must be an abundant 
evolution of hydrogen sulphide. In this case, there ought 
to occur, according to the degree of sulphurization of the 
sodium sulphide, either no precipitate or only a white pre- 
cipitate of sulphur (vanadic acid, bases of the sixth group). 

Uses . — Sodium sulphide is sometimes substituted for am- 
monium sulphide to effect the complete separation of cupric 
sulphide from sulphur compounds soluble in alkaline sul- 
phides, e.gr., from stannic sulphide, as cupric sulphide is not 
>quite insoluble in ammonium sulphide. 


lY. Peroxides. 

§43. 

1. Hideooen Peroxide, H,0,. 

Hydrogen peroxide is best procured by purchase. The 
'Clear, colorless liquid employed for medicinal purposes is 
adapted for use in qualitative analysis. It is an aqueous 
solution of hydrogen peroxide which is usually slightly 
.acidified with hydrochloric or sulphuric acid for the sake of 
durability, and it contains about 3 per cent by weight of the 
■substance. 

Tests . — Hydrogen peroxide must be completely volatilized 
by heating, and when it is mixed with a solution of potassium 
■permanganate, the latter should be decolorized, and there 
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should be a large amount of eflfervescence, due to an abundant 
evolution of osygen. The last test is to be repeated from 
time to time in order to determine whether the hydrogen 
peroxide has not become decomposed! 

Uses . — Hydrogen peroxide is of use in qualitative analysis 
principally as an oxidizing agent, and for this purpose offers 
the advantage that no elements other than hydrogen and 
oxygen are added to the liquid under treatment, except the 
small amount of acid contained in the reagent. 

§44. 

2. TiTiiAT) Diohde, PbO,. 

Preparation . — The rather small quantity of lead peroxide 
that is used in qualitative analysis is most easily prepared 
by digesting red lead (which should give a clear solution with 
dilute nitric acid and alcohol) with an excess of dilute nitric 
acid. A precipitate of brown lead dioxide and a solution 
containing lead nitrate are thus obtained. The precipitate is 
collected upon a filter, completely washed with hot water, and 
dried at a gentle heat. 

Tests . — These are to be directed especially to the detec- 
tion of manganese. To make an accurate test for this, a 
sample is heated with pure concentrated sulphuric acid until 
complete decomposition takes place, and until the excess of 
sulphuric acid has been almost completely removed ; then, 
after cooling, a further portion of the lead peroxide is added, 
heated with a mixture of about equal parts of nitric acid (sp. 
gr. 1.2) and water, and allowed to settle. The liquid above 
the precipitate ought to show no red coloration du^ to per- 
manganic acid. 

Uses . — Lead dioxide serves especially for the conversion 
of manganese compounds into permanganic acid, and on 
account of the high coloring power of the latter, it offers a 
very delicate and characteristic reagent for the detection of 
manganese. 
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V. Salts. 

Of the many salts employed as reagents, those of potassium, 
sodium, and ammonium, are principally used on account of 
their acids. Therefore, salts of sodium may often he substi- 
tuted for the corresponding potassium salts, etc., and it is 
almost always immaterial whether we use sodium carbonate 
or potassium carbonate, potassium ferrocyanide or sodium 
feiTocyanide, etc. I have therefore here classified the salts 
of the alkali metals hy their adds. With the salts of the 
alkali-earth metals and those of the heavy metals, however, 
the case is different. These are not used for their acids, but 
for their bases, and we may often substitute for one salt of a 
metal another similar one, as barium nitrate or acetate for 
barium chloride, etc. For this reason, I have classified the 
salts of the alkali-earth metals and of the heavy metals hy tJidr 
bases. 


a. Salts op the Aleatj Metals. 

§46. 

1. Potassium Sulphate, KaSO^. 

Preparation and Tests , — Purify potassium sulphate of com- 
merce by recrystallization, and dissolve 1 part of the pure salt 
in 12 parts of water. The solution should be neutral, and 
should be neither made turbid nor precipitated by hydrogen 
sulphide, ammonium sulphide, ammonium oxalate, or silver 
nitrate. By testing with ferrous sulphate or diphenylamine, 
it must show itself to be free from nitric acid. (See the reac- 
tions of nitric acid in Section III.) 

Uses , — Potassium sulphate serves to detect and separate 
barium and strontium. It is in many cases used in prefer^ 
ence to dilute sulphuric acid, which is employed for the same 
purpose, as it does not, like the latter reagent, disturb the 
neutrality of the solution. 
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§46. 

2. Htdbogen Disodium Phosphate, or Sodium Phosphxte, 
HNa,P0,.12H,0. 

Pr&paration , — Purify the commercial salt by recrystalliaa- 
tion, and dissolve 1 part of the pure salt in 10 parts of water 
for use. 

Tests . — Solution of sodium phosphate must not become 
turbid when heated with ammonia. The precipitates which 
solution of barium nitrate and solution of silver nitrate pro- 
duce in it must dissolve completely, and without effervescence^ 
upon addition of dilute nitric acid. Even after heating, hydro- 
gen sulphide ought not to color or precipitate the solution,, 
either as it is or after acidifying it with hydrochloric acid. 

Uses . — Sodium phosphate precipitates the alkali-earth 
metals and all the heavy metals from solutions of their salts. 
In the course of analysis, after the separation of the heavy 
metals, it serves as a test for alkali-earth metals in general ; 
and, after the separation of barium, strontium, and calcium, as 
a special test for the detection of magnesium. For the latter 
purpose, it is used in conjunction with ammonia, the magne- 
sium precipitating as ammonium magnesium phosphate. In 
the place of sodium phosphate, sodium ammonium phosphate 
(§ 89) or ammonium phosphate, H(NH 4 )aP 04 , can be used. 

§47. 

3. Ammonium Oxalate, (ITH*),0,O^.HaO. 

Preparation . — 1 part of commercial oxalic acid (which 
generally contains potassium) is dissolved in 6 parts of water 
at the boiling temperature. This is allowed to cool, and the 
solution is poured off or filtered from the oxalic acid crystals, 
which usually contain potassium tetra-oxalate ; it is evapo- 
rated further, again cooled, and thus are obtained a second 
and third crop of oxalic acid which are almost or quite free 
from potassium. The mother-liquor, together with the first 
crystallization, may be used for the preparation of potassium 
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or sodium oxalate. The pure crystals are dissolved in 2 parts 
of distilled water by warming, ammonia-water is added to dis- 
tinct alkaline reaction, and the solution is then put in a cold 
place. The crystals which form are drained, and a further 
crystallization is obtained by properly evaporating the mother- 
liquor. The crystals are purified by recry stallization. For 
use, 1 part of the pure salt is dissolved in 24 parts of water. 

Tests , — The solution of ammonium oxalate must , not be 
precipitated or rendered turbid by hydrogen sulphide, or by 
ammonium sulphide. Ignited on platinum, the salt must 
volatilize without leaving a residue. The precipitates pro- 
duced in the solution by barium chloride and by silver nitrate 
must be completely soluble in nitric acid. 

Uses . — With calcium, strontium, barium, lead, and other 
metals, oxalic acid forms insoluble or very difficultly soluble 
compounds. Ammonium oxalate produces, therefore, in the 
aqueous solutions of the salts of these bases, precipitates of 
the corresponding oxalates. In analysis, the reagent serves 
principally for the detection and separation of calcium. 

§48. 

4. Sodium Acetate, NaO,H,Oj.3HaO. 

Preparation . — Dissolve crystallized sodium carbonate in a 
little water, add to the solution acetic acid in slight excess, 
evaporate to crystallization, and purify the salt by recrystalli- 
zation. This salt can now be procured very pure in com- 
merce. For use dissolve 1 part of the salt in 10 parts of water. 

Tests . — Sodium acetate must be colorless and free from 
empyreumatic matter and inorganic acids. The solution ought 
not to be colored, made turbid, nor precipitated by hydrogen 
sulphide, ammonium sulphide, ammonium oxalate, barium 
chloride, or, after diluting and acidifying with nitric acid, by 
silver nitrate. 

Uses . — The stronger acids in the free state decompose so- 
dium acetate, combining with the base and setting the acetic 
acid free. In the course of analysis, sodium acetate is used 
principally to precipitate ferric phosphate (which is insoluble 
in acetic acid) from its solution in hydrochloric acid. It serves, 



92 


REAGENTS. 


[§ 49 , 


also, to effect the separation of ferric oxide and alumina, which 
it precipitates on boiling from the solutions of their salts. 


§49. 

5, Sodium Carbonate, NajOOg ; crystallized^ NagOOj.lOHjO. 

Preparation . — Pinely pulverize “ bicarbonate of soda ” of 
commerce, put the powder into a funnel stopped loosely with 
cotton, make the surface even, cover it with a disk of thick 
filter-paper with turned-up edges, and wash by pouring small 
quantities of water on the paper disk until the filtrate, when 
acidified with nitric acid, is not rendered turbid by solution 
of silver nitrate, or by solution of barium chloride. Let the 
salt dry, and then convert it by gentle ignition into the normal 
carbonate. This is effected best in a vessel of silver or 
platinum, but it may be done also in a perfectly clean iron 
dish, or, on a small scale, in one of porcelain. Dissolve 1 part 
of the anhydrous, or 2.7 parts of the crystallized, salt in 
5 parts of water for use. 

Tests . — Sodium carbonate should be absolutely white, and 
should dissolve in water to a clear solution. Its solution 
should not decolorize water which is colored reddish by potas- 
sium permanganate (sodium thiosulphate). After acidifying 
with nitric acid, neither barium chloride nor silver nitrate 
should cause turbidity in the solution, nor should it become 
yellow or give a precipitate of this color when warmed with 
ammonium molybdate and nitric acid. When supersaturated 
with hydrochloric acid, evaporated to dryness, and dissolved 
again in water, no residue should be left (silicic acid). The 
solution when acidified with hydrochloric acid ought not to be 
colored nor precipitated by hydrogen sulphide, or, after addi- 
tion of ammonia, by ammonium sulphide. The solution to 
which barium chloride has been added in excess ought not to 
react alkaline (sodium hydroxide). When fused with potas- 
sium cyanide in a porcelain boat within a glass tube through 
which a slow stream of dry carbonic acid gas is passed, it 
ought to give no trace of a dark sublimate (arsenic). (Com- 
pare the reactions of arsenious acid in Section III.) 

l/ses . — ^With the exception of the alkali metals, sodium 
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carbonate precipitates all the metals in the form of normal or 
basic carbonates. Those metals which form soluble acid 
carbonates require boiling for their complete precipitation 
from acid solutions. Many precipitates produced by the 
action of sodium carbonate exhibit a characteristic color, 
which may lead to the detection of the individual metals 
that they respectively contain. Solution of sodium car- 
bonate also serves for the decomposition of many insoluble 
salts, more particularly of those with organic acids. Upon 
boiling with sodium carbonate, these salts are converted 
into insoluble carbonates, while the acids combine with the 
sodium, and are thus obtained in solution. Sodium carbon- 
ate is often used also to saturate free acids. 


§ 60. 

6. Ammonium Carbonate, (NHJaOO,. 

Preparation , — Take commercial “carbonate of ammonia” 
entirely free from any smell of animal oil, such as is pre- 
pared on a large scale by sublimation from a mixture of 
ammonium chloride and calcium carbonate, carefully scrape 
off the outer and inner surface of the mass, if necessary, and 
dissolve 1 part of the salt by digestion with 4 parts of water 
to which 1 part of ammonia solution has been added. 

Tests , — Pure ammonium carbonate must completely vola- 
tilize. Its solution ought not to be colored or precipitated 
by ammonium sulphide. It must yield a colorless solution 
When supersaturated with nitric acid (pyridine bases). The 
solution, thus acidified, ought to be colored or precipitated 
neither by barium nor silver solution, nor by hydrogen sul- 
phide. 

Uses, Like sodium carbonate, ammonium carbonate pre- 

cipitates most metals. It is generally employed in preference 
to the former reagent, because it introduces no non-vola- 
tile body into the solution. Complete precipitation of many 
of the metals takes place only on boiling, and several of 
the precipitates redissolve in an excess of the precipi- 
tant. In like manner, ammonium carbonate dissolves many 
hydroxides and sulphides, and thus enables us to distinguisli 
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and separate them from others which are insoluble in this 
reagent. 

Ammonium carbonate, like ammonia solution, and for the 
same reason, fails to precipitate from acid solutions many 
metals which it precipitateKS from neutral solutions. (Com- 
pare § 36.) We use ammonium carbonate in analysis princi- 
pally to effect the precipitation of barium, strontium, and 
calcium, and the separation of these substances from magne- 
sium ; also, to separate arsenious sulphide, which is soluble 
in it, from antimonious sulphide, which is insoluble. 


§ 61. 

7. Htdbogen Sodium Sulphite, HNaSO,. 

Preparation, — Heat 6 parts of copper tacks or clippings 
with 20 parts of concentrated sulphuric acid in a flask, and 
conduct the sulphur dioxide gas evolved, first through a 
washing-bottle containing some water, then into a flask con- 
taining 4 parts of purified sodium bicarbonate (§ 49), or 7 
parts of pure crystallized, normal sodium carbonate, and 
from 20 to 30 parts of water (this flask should not be much 
more than half full); continue the transmission of the gas 
until the evolution of carbon dioxide ceases. Keep the solu- 
tion, which has a strong smell of sulphurous acid, in a well- 
stoppered bottle. 

Tests, — Acid sodium sulphite, when evaporated to dry- 
ness with puro sulphuric acid, while evolving a copious 
amount of sulphurous acid, must leave a residue, the aqueous 
solution of which is not altered by hydrogen sulphide after 
the addition of some hydrochloric acid, nor precipitated yel- 
low by heating with a solution of ammonium molybdate 
mixed with nitric acid. 

Uses, — Sulphurous acid has a great tendency to pass to 
the state of sulphuric acid by absorbing oxygen. It is there- 
fore one of our most powerful reducing agents. Acid sul- 
phite of sodium, which has the advantage of being less 
readily decomposed than sulphurous acid, acts in the same 
manner upon addition of acid. We use it principally to 
reduce arsenic acid to arsenious acid, chromic acid to a. 
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chromic salt, and ferric salts to ferrous salts ; also for the 
precipitation of selenium from selenious acid^ etc. 


§ 52, 

8. Potassium Nitrite, KNO,. 

Preparation . — In an iron pan fuse 1 part of potassium 
nitrate, add 2 parts of lead, and stir constantly with an iron 
rod. Even at a low red heat, the lead becomes for the most 
part oxidized and converted into a yellow powder. To oxi- 
dize the remainder, the heat is increased to visible redness 
and maintained at that point for half an hour. Allow the 
mass to cool, treat with cold water, filter, and pass carbon 
dioxide through the filtrate. This precipitates almost the 
whole of the lead in solution, and the remainder is removed 
with a little hydrogen sulphide. After filtering, concentrate 
the liquid to a small volume, let the undecomposed potassium 
nitrate crystallize out, evaporate to dryness, with stirring at 
the last stage of the process, and heat to fusion in order to 
destroy any potassium thiosulphate that may have been 
formed (Aug. Stromeyer). 

Tests . — Upon addition of dilute sulphuric acid, potassium 
nitrite must copiously evolve nitric oxide gas. Its dilute 
solution when mixed with ammonia and ammonium sulphide 
ought not to be colored or precipitated. 

Uses , — ^Potassium nitrite is an excellent means to effect 
the detection and separation of cobalt, in the solutions of 
which metal it produces a precipitate of potassium cobaltic 
nitrite. In presence of free acid it also serves to liberate 
iodine from its compounds. 


§63. 

9. Potassium Chromate, K^CrO^. 


Preparatim arid Tests . — Eecrystallize commercial potas- 
sium diohromate several times, dissolve 60 parts of the dry 
salt in 300 parts of boiling water, add 28.1 parts of pure dry 
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potassium carbonate, and evaporate to crystallization. Dis- 
solve 1 part of the yellow crystals thus obtained in 10 parts 
of water. 

The solution of potassium chromate, when heated with 
hydrochloric acid and some alcohol, must yield a green solu- 
tion, which, after neutralizing the greater part of the free 
acid with ammonia, must not be made turbid by the addition 
of barium chloride (sulphate). The reaction of potassium 
chromate should be only faintly alkaline. 

Uses . — Potassium chromate reacts with many of the solu- 
ble metallic salts. Most of the precipitated chromates are 
very sparingly soluble, and often show characteristic colors, 
so that the metals are thereby easily recognized. We make 
use of potassium chromate especially for testing for lead, 
and it is also employed for distinguishing and separating 
barium and strontium. Potassium dichromate can be fre- 
quently used instead of the chromate. 

§64 

10. PoTASsimi Pteoaotimonate, H,K,Sb,0,.6H,0. 

Preparation . — Project a mixture of equal parts of pulver- 
ized tartar-emetic and potassium nitrate in small portions at 
a time into a red-hot crucible. After the mass has defla- 
grated, keep it at a moderate red heat for a quarter of an 
hour. It froths at first, but after some time will be in a 
state of calm fusion. Eemove the crucible from the fire, let 
the mass get nearly cold, and extract it with warm water. 
Transfer to a suitable vessel by rinsing, and decant the clear 
fluid from the heavy white powder deposited (Beungnee). 
Wash this with some cold water, heat 1 part with 200 parts 
of water for a short time to boiling, cool, and filter. 

Testa and Uses. — Acid potassium pyroantimonate is 
sparingly soluble in water, requiring 90 parts of boiling and 
250 parts of cold water for solution. The solution prepared 
according to the above directions keeps for quite a long time 
unchanged. It must be clear and of neutral reaction. It 
ought not to give a precipitate with potassium chloride, nor 
with ammonium chloride, but with sodium chloride solution, 
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it must yield a crystalline precipitate. When mixed with an 
equal Tolnme of concentrated sulphuric acid and cooled, no 
brown zone ought to form when a solution of ferrous sul- 
phate is placed above the mixture (nitrous or nitric acid). 
Acid potassium pyroantimonate, generally called simply 
potassium antimonate, serves as a very good reagent for 
sodium, but its employment requires great caution (see § 94). 

§ 66 . 

11. Ammonitim Molvbdate, (NHJjMoO^ , dissolved in 
Nitbio Aoid— Molvbdio Aoid SoLimoN. 

Preparation omd Testa . — Triturate molybdenite with about 
an equal bulk of coarse quartz sand washed with hydrochloric 
acid until it is reduced to a moderately fine powder ; heat to 
faint redness, with repeated stirring, until the mass has 
acquired a lemon-yellow color (which after cooling turns- 
white). With small quantities, this operation may be con- 
ducted in a flat platinum dish; with large quantities, in a 
muffle. Extract with solution of ammonia, filter, evaporate 
the filtrate, heat the residue to faint redness until it appears 
yellow or white, and then digest for several days with nitric 
aoid on the water-bath, in order to convert any phosphoric 
acid present to the tribasic state. When the nitric .acid is 
evaporated, dissolve the residue (in the place of which the 
commercial, pure molybdic aoid can also be used) in 4 parts 
of solution of ammonia, filter rapidly, and pour the filtrate into 
16 parts by weight of nitric acid of 1.20 sp. gr. 

To prepare the reagent from ammonium molybdate, dis- 
solve 160 g of the pulverized, pure salt in 1 liter of water by 
heating, and pour the solution into 1 liter of nitric aoid of 
1.20 sp. gr. Keep the mixture standing several days in a 
moderately warm place, which will cause the separation of 
any remaining traces of phosphoric aoid as ammonium phos- 
phomolybdate. Decant the colorless fluid from the precipi' 
tate, and keep it for use. Heated to 40°, the liquid remains 
clear. When heated to boiling, it ought not to give a yellow 
precipitate. The white precipitate which then separates is 
molybdic acid or an aoid ammonium molybdate. The yellow 
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precipitate ■which sometimes separates from the solution upon 
long heeping is a modification of molyhdic acid. 

Uses . — Phosphoric acid and arsenic acid form ■with mo- 
lybdic acid and ammonia peculiar, yellow compounds which 
are almost absolutely insoluble in the nitric acid solution of 
ammonium molybdate. The phosphoric acid compound is 
formed in the -cold, but the production of the arsenic acid 
compound requires heat. Ammonium molybdate therefore 
affords an excellent means for detecting these acids, but 
more especially for finding very minute quantities of phos- 
phoric acid in acid solutions containing aluminium and alkali- 
earth metals. 


§ 66 . 

12. Aioionidm Chlobide, NHjCl. 

Preparation . — Select sublimed white sal-ammoniac of com- 
merce. If it contains iron it must be purified. For this 
purpose, chlorine-water is added to the boiling solution until 
any ferrous chloride present is changed to ferric chloride. 
Ammonia is then added in slight excess, the whole is heated 
until the liquid is scarcely alkaline, the resulting precipitate 
is allowed to settle, the liquid is then filtered and evaporated 
to crystallization. Dissolve 1 part of the salt in 8 parts of 
water for use. 

Tests . — Upon evaporation on platinum, solution of ammo- 
nium chloride must leave a residue, which upon further heat- 
ing volatilises completely. Ammonium sulphide should have 
no action upon the solution, and barium chloride should not 
cause a turbidity in it. Ferric chloride ought not to redden 
it when acidified with hydrochloric acid (ammonium sul- 
phocyanide). "When evaporated with nitric acid upon the 
water-bath, the ammonium chloride solution must leave a 
white residue, not a yellowish or reddish one (pyridine bases). 
Its reaction must be neutral. 

Uses . — ^Ammonium chloride is used very frequently in 
analysis. It serves principally to retain in solution certain 
oxides, e.g., manganous and magnesium oxides, or salts, e.g., 
calcium tartrate, upon the precipitation of other oxides or 
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salts by ammonia or some other reageni This application 
of ammonium chloride is based upon the tendency of the 
ammonium salts to form double compounds with other salts. 
Ammonium chloride also serres to distinguish between pre- 
cipitates possessing similar properties in other respects ; for 
instance, to distinguish the ammonium magnesium phosphate, 
which is almost insoluble in ammonium chloride, from other 
magnesian precipitates. It is likewise used to precipitate from 
their solutions in potassium hydroxide, various substances 
'which are soluble in that alkali, but insoluble in ammonia, 
-e,gr., alumina, chromic oxide, etc. In this process, the elements 
•of the ammonium chloride transpose with those of the caustic 
potash, and potassium chloride, water, and ammonia are 
formed. Ammonium chloride is also applied as a special 
reagent to effect the precipitation of platinum as ammonium 
platinic chloride. 


§57. 

13. Potassium Otamdb, KCN. 

Preparation . — Heat potassium ferrocyanide of commerce 
(perfectly free from potassium sulphate) gently, with stirring, 
until the water of crystallization is completely expelled ; tritu- 
rate the anhydrous mass, and mix 8 parts of the dry powder 
with 3 parts of perfectly dry potassium carbonate ; fuse the 
mixture in a covered Hessian, or, better still, in a covered 
iron, crucible until the mass is at a faint red heat, appears 
clear, and a sample of it, taken out with a heated glass or iron 
rod, looks perfectly white. Eemove the crucible from the 
fire, tap it gently, and let it cool a little until the evolution of 
gas has ceased. Pour the fused potassium cyanide into a 
heated, tall, crucible-shaped vessel of clean iron or silver, or 
into a moderately hot Hessian crucible, using proper care to 
prevent the running out of any of the minute particles of iron 
carbide which have separated in the process of fusion and 
have subsided to the bottom of the crucible. Let the mass 
now slowly cool in a somewhat warm place. The potassium 
cyanide thus prepared is very well adapted for analytical pur- 
poses, although it contains potassium carbonate and cyanate^ 
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the latter upon solution in water being transformed into am- 
monium carbonate and potassium carbonate : 2KCNO 
4S^O = E,CO,+ (NHJ^OO,. Keep the potassium cyanide 
(which, as well known, is very poisonous) in the solid form in 
a well-stoppered bottle, and dissolve 1 part of it in 4 parts of 
water, without application of heat, when required for use. 
Instead of potassium cyanide, the sodium-potassium cyanide, 
which is at present extensively prepared, can be used. This 
is made in the same manner as potassium cyanide, by fusing 
together 4 parts of dehydrated potassium ferrocyanide with 
1 part of pure anhydrous sodium carbonate. 

Tests , — ^Potassium cyanide must be of a milk-white color, 
and quite free from particles of iron or charcoal. It must 
completely dissolve in water to a clear fluid. It must con- 
tain neither silica nor potassium sulphide. The precipitate 
which lead salts produce in its solution must accordingly be 
of a white color, and the residue which its solution leaves 
upon evaporation, after previous supersaturation with hydro- 
chloric acid,* must completely dissolve in water to a clear 
fluid. When fused with pure sodium carbonate in a porcelain 
boat within a glass tube through which is passed a slow stream 
of dry carbonic acid, it ought to give no trace of an arsenic 
mirror. (Compare § 49.) 

Uses . — Potassium cyanide prepared in the manner de- 
scribed produces in the solutions of most metallic salts, pre- 
cipitates of cyanides of metals or of hydroxides or carbonates 
which are insoluble in water. The precipitated cyanides are 
soluble in potassium cyanide, and by further addition of the 
reagent may therefore be separated from the hydroxides or 
carbonates which are insoluble in potassium cyanide. Some 
of the metallic cyanides redissolve invariably in the potassium 
cyanide as double cyanides, even in the presence of free 
hydrocyanic acid and upon boiling; while others combine 
with cyanogen to new radicals, which remain in solution in 
combination with the potassium. The most common com- 
pounds of this nature are potassium oobalticyanide and potas- 
sium ferro- and ferricyanide. These differ from the double 


* ThlB supersaturation with hydrochloric acid is attended with disengage* 
ment of hydrocyanic acid. 
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cyanides of the other kind particularly in this, that dilute 
acids fail to precipitate the metallic cyanides which they con- 
tain. Potassium cyanide may accordingly serve to separate 
the metals which form compounds of the latter description 
from others, the cyanides of which are precipitated by acids 
from their solution in potassium cyanide. In the course of 
analysis, this reagent is of great importance, as it serves to 
effect the separation of cobalt from nickel ; also that of copper, 
the sulphide of which metal is soluble in it, from cadmium, 
whose sulphide is insoluble. 


§58. 

14. Potassium Ferrooyanide, K^Fe{0N), 3H,0. 

Prepo/ration . — The potassium ferrocyanide found in com- 
merce is sufficiently pure. 1 part of the salt is dissolved in 
12 parts of water for use. 

Uses , — ^Ferrooyanogen forms with most metals compounds 
insoluble in water, some of which exhibit highly characteristic 
colors. These ferrocyanides are produced when potassium 
ferrocyanide is brought into contact with soluble metallic 
salts, the potassium changing places with the other metals. 
The cupric and ferric ferrocyanides exhibit the most charac- 
teristic colors. Potassium ferrocyanide therefore serves par- 
ticularly as a test for cupric and ferric compounds. 

§69. 

16. Potassium Peebioyauide, K,Fe,(0N)i,. 

Preparation . — Conduct chlorine gas slowly into a solution 
of 1 part of potassium ferrocyanide in 10 parts of water, with 
frequent stirring, until the solution exhibits a fine deep-red 
color by transmitted light (the light of a candle answers best), 
and a portion of the fluid produces no longer a blue precipi- 
tate in a solution of ferric chloride, but imparts a brownish 
tint to it. Evaporate the fluid in a dish to J of its weight and 
let it crystallize. The mother-liquor will upon further evap- 
oration yield a second crop of crystals fit for use. Dissolve 
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the Trhoie of the crystals obtained in 3 parts of water, filter if 
necessary ; evaporate the solution briskly to half its volume, 
and let it crystallize again. Dissolve some of the magnificent 
red crystals in a little water, preferably just before use. The 
solution, which decomposes under the infiuence of daylight 
with the deposition of a blue precipitate and the formation of 
potassium ferrooyanide, ought not, as already stated, to pro- 
duce a blue precipitate or coloration with ferric chloride. 

Uses. Potassium ferricyanide reacts with solutions of 

metals in the same manner as potassium ferrocyanide. Of 
the metallic ferricyanides, the ferrous salt is more par- 
ticularly characterized by its color, and we therefore apply 
potassium ferricyanide principally as a test for ferrous com- 
pounds. 


§60. 

16. Potassium SuuPHoorAuiDB, EONS. 

PTspobTcdion . — Mix together 46 parts of anhydrous potas- 
sium ferrocyanide, 17 parts of potassium carbonate, and 32 
parts of sulphur ; introduce the mixture into an iron pan pro- 
vided with a lid, and fuse over a gentle fire ; maintain the 
same temperature until the swelling of the mass which ensues 
at first has completely subsided and given place to a state of 
tranquil and clear fusion.; towards the end of the operation, 
increase the temperature to faint redness, in order to decom- 
pose the potassium thiosulphate which has been formed in the 
process. Pour the mass upon a bright iron plate, break it 
up, and extract it repeatedly with boiling alcohol of from 80 
to 90 per cent. Upon cooling, part of the potassium sulpho- 
cyanide separates in colorless crystals; to obtain the re- 
mainder, distil the alcohol from the mother-liquor. Dissolve 
1 part of the salt in 10 parts of water for use. 

Tests cmd Uses . — Potassium sulphocyanide serves for the 
detection of ferric compounds, for which it is at once a most 
characteristic and delicate reagent. It is used further for the 
detection and separation of copper, which it precipitates as 
white cuprous sulphocyanide from cupric solutions, upon 
addition of sulphurous acid. Solution of potassium sulpho- 
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•cyanide must remain colorless when mixed with perfectly 
pure, dilute hydrochloric acid. It should be neither colored 
^or precipitated by ammonium sulphide. 

b . Sai/es of the Aleau-eabth Metaib. 


§61. 

1. Baeium Chloeide, BaCl,.2HaO. 

PreparatioTk. — a. From heavy-spar. Miy together 8 parts 
t)f pulverized barium sulphate, 2 parts of charcoal in powder, 
and 1 part of common rosin. Put the mixture in a crucible 
and expose it in a wind-furnace to a long-continued ignition. 
Triturate the crude barium sulphide obtained, boil about 
of the powder with 4 times its quantity of water, and add 
hydrochloric acid until all eflEervescenoe of hydrogen sulphide 
has ceased, and the fluid manifests a slight acid reaction. 
Add now the remaining of the barium sulphide, boil some 
time longer, then filter, treat with hydrochloric acid just to 
acid reaction, heat for a considerable time, filter again, and 
crystallize. Drain the crystals, redissolve them in water, 
and crystallize again. 

6. From witherite. Pour 10 parts of water upon 1 part of 
pulverized witheiite, and gradually add hydrochloric acid 
until the witherite is almost completely dissolved. Add a 
little more finely pulverized witherite, and heat, with fre- 
quent stirring, until the fluid has entirely or very nearly 
lost its acid reaction ; add solution of barium sulphide as 
long as a precipitate forms, and proceed as in a. For use, 
dissolve 1 part of the barium chloride in 10 parts of water. 

Tests . — Barium chloride must not alter vegetable colors ; 
its solution must not be colored nor precipitated by hydrogen 
sulphide (after acidifying with hydrochloric acid), or by 
ammonium sulphide. Pure sulphuric acid must precipitate 
all fixed matter from it, so that the fluid filtered from the 
precipitate formed upon the addition of that reagent leaves 
not the slightest residue when evaporated in a platinum dish. 
Potassium chromate should completely precipitate the solu- 
tion when it has been acidified with a little acetic acid, so that 
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the liquid, when filtered after standing for two hours in a. 
warm place, remains clear upon the addition of ammonium 
carbonate. Should a precipitate show itself in making this 
test (strontium or calcium carbonate), purify the barium chlo- 
ride by dissolving it in 2 parts of hot water, mixing this 
solution with twice its volume of alcohol, washing the result- 
ing precipitate with alcohol, and drying it. 

Uses . — With many acids, barium forms soluble, with others, 
insoluble, compounds. This property of barium therefore 
affords a means of distinguishing the former acids, which 
are not precipitated by barium chloride, from the latter, in 
the solution of the salts of which this reagent produces a 
precipitate. With acids, the precipitated barium salts show 
varying deportment. By subjecting these salts to the action 
of acids, we are therefore enabled to subdivide the group 
of precipitable acids, and even to detect certain individual 
ones. This renders barium chloride one of the most im- 
portant reagents for distinguishing between certain groups 
of acids, but more especially for the detection of sulphuric 
acid. 


§62. 

2. Bamuy Nitrate, Ba(NO,),. 

Pr^raUon . — ^Treat barium carbonate (either witherite or 
that precipitated by sodium carbonate from solution of 
barium sulphide) with dilute nitric acid free from chlorine, 
and proceed exactly as directed in the preparation of barium 
chloride from witherite, or else recrystallize the commercial 
salt. For use, dissolve 1 part of the salt in 15 parts of 
water. 

Tests . — Solution of barium nitrate must not be made tur. 
bid by solution of silver nitrate. Other tests are the same as 
for barium chloride. 

Uses . — ^Barium nitrate is used instead of barium chloride 
in oases where it is desirable to avoid the presence of a 
metallic chloride in the fiuid. 
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§63. 

3. Babidh Oabbonate, BaGO,. 

Preparation . — DissolTe crystallised barium chloride in 
■water, heat to boiling, and add a solution of ammonium car- 
bonate mixed with some caustic ammonia, as long as a pre- 
cipitate forms. Let the precipitate subside, decant fire or six 
times, transfer the precipitate to a filter, and wash until the 
washing water is no longer rendered turbid by solution of 
silTer nitrate. Stir the precipitate with water to the consistence 
of thick milk, and keep this mixture in a stoppered bottle. 
It must, of course, be shaken every time it is required for use. 

Testa . — ^From the dilute solution in hydrochloric acid (not 
-containing too much free acid), pure sulphuric acid must pre- 
■cipitate all fixed matter. (Compare barium hydroxide, § 37.) 
Hydrogen sulphide and also ammonium sulphide (after pre- 
vious addition of ammonia) ought not to color nor precipitate 
this solution. 

Uses . — Barium carbonate decomposes solutions of cer- 
tain metallic salts, e.g., ferric and aluminium salts, precipitat- 
ing from them the whole of the metal as hydroxide and basic 
salt, while some other metallic salts are not precipitated by it. 
It therefore serves to separate the former from the latter, and 
affords an excellent means for effecting the separation of ferric 
•oxide and alumina from manganese, zinc, calcium, magnesium, 
etc. It must be borne in mind, however, that the salts must 
not be sulphates, as barium carbonate likewise precipitates 
the latter metals from these compounds. 


§64. 

4. Oaloioh Sulphate, 0aS04.2H,0. 

Prepardnon . — Digest and shake powdered, crystallized 
.gypsum (selenite) for some time with water ; let the undis- 
solved portion subside, decant, and keep the clear fluid for 
use. 

Usee . — Oaloium sulphate, being dMoultly soluble, is a con. 
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Tenieuit reagent in cases "where it is wished to apply a solution 
of a oaloinni salt or of a sulphate of a definite degree of dilu* 
tion. As dilute solution of a calcium salt, it is used for the- 
detection of oxalic acid ; while as dilute solution of a sul- 
phate^ it affords an excellent means for distinguishing between 
barium, strontium, and calcium. 


§ 66 . 

I 

6. Oaloidm Oelobidbi, OaCl, ; oryatdUmd, Ca01,.6H,0. 

Prqxiration.— Dilute 1 part of crude hydrochloric acid 
with 6 parts of water, and add thereto marble or chalk until 
the last portion added remains undissolved ; now add soma 
slaked lime, then hydrogen sulphide until a filtered portion 
of the mixture is no longer altered by ammonium sulphide. 
Then let the mixture stand co"vered for 12 hours at a gentle 
heat, filter, exactly neutralize the filtrate, concentrate by 
evaporation, and crystallize. Let the crystals drain, and 
dissolve 1 part of the salt in 5 parts of water for use. 

resfe.—Solution of calcium chloride must be neutral, and 
neither be colored nor precipitated by hydrogen sulphide 
(after acidifying with hydrochloric acid), or by ammonium 
sulphide or potassium chromate. When mixed with potas- 
sium or calcium hydroxide, it must liberate no ammonia. 
Calcium chloride can be tested for strontium chloride accord- 
ing to § 103. 

Uses . — ^In its action and application, calcium chloride is 
analogous to barium chloride. As the latter reagent is used 
to separate the inorganic acids into groups, so calcium 
chloride serves in the same manner to effect the separation 
of the organic acids into groups, since it precipitates some 
of them, while it forms soluble compounds with others. 
Further, the different conditions under which the various 
insoluble calcium salts are thrown down enable us to sub- 
divide the group of precipitable adds, as is the case with the 
barium precipitates. 



§§ 66, 67.] 
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§ 66 . 

6. Magnesidm Sulphate, MgSOj orystdIUzed, MgSO,.7H.O. 

Dissolve 1 part of magnesiiini sulphate of 
commerce in 10 parts of water. If the salt is not perfectly 
pure, first subject it to recrystallization. 

Tests . — ^Magnesium sulphate must have a neutral reaction. 
Its solution, when diluted with an equal quantity of water 
and mixed with sufficient ammonium chloride, must, after 
the lapse of half an hour, not appear clouded nor tinged 
by ammonia, or by ammonium carbonate, oxalate, or sul- 
phide. 

Uses . — ^Magnesium sulphate serves almost exclusively for 
the detection of phosphoric acid and arsenic acid, which it 
precipitates from aqueous solutions of phosphates and arse- 
nates, in presence of ammonia and ammonium chloride, in the 
form of almost absolutely insoluble, highly characteristic salts 
(ammonium magnesium phosphate or arsenate). Magnesium 
sulphate is also employed to test ammonium sulphide (see 
§ 41 ). 


c. Salts ov the Heave Metals. 


§67. 

1. ItoBOtrs Sulphate, FeSO, ; orysicMized, 

Frqparaiion . — ^Heat an excess of iron nails free from rust, 
or of clean iron wire, with dilate snlphuric acid until the 
evolution of hydrogen ceases; filter the sufficiently concen. 
trated solution, add a few drops of dilute sulphuric acid to 
the filtrate, and allow it to cool. Wash the crystals thus 
obtained with water very slightly acidulated with sulphuric 
acid, dry, and keep for use. 

Ferrous sulphate can also be very readily prepared from 
the solution which is obtained in generating hydrogen sol. 
phide by the action of dilate sulphuric acid upon ferrous 
sulphide. 

Teats . — The crystals of ferrous sulphate must have a fine 
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pale green color. Crystals that have been more or less 
oxidized by the action of the air, and give a brownish-yellow 
solution when treated with water, leaving undissolved basic 
ferric sulphate behind, should be rejected. Hydrogen sul- 
phide must not precipitate solution of ferrous sulphate after 
addition of some hydrochloric acid, nor even impart a black- 
ish tint to it. 

Uses , — Ferrous sulphate has a strong tendency to absorb 
oxygen, and to be converted into ferric sulphate. It acts 
therefore as a powerful reducing agent. We employ it prin- 
cipally for the reduction of nitric acid, from which it sepa- 
rates nitric oxide by withdrawing three atoms of oxygen from 
two molecules of it. In this case, the decomposition of the 
nitric acid being attended with the formation of a very pecu- 
liar brownish-black compound of nitric oxide with an unde- 
oomposed portion of the ferrous salt, this reaction affords a 
particularly characteristic and delicate test for nitric acid. 
Ferrous sulphate also serves for the detection of ferri- 
cyanides, with which it produces a kind of Prussian blue. 
It is likewise used to effect the precipitation of metallic gold 
from solutions of that metaL 


§ 68 . 

2. Febbio Chlobede, Fe,01e- 

Preparation . — Treat small iron nails in a capacious flask 
with pure hydrochloric acid of 1.11 sp. gr., using heat towards 
the end of the operation, until in the presence of an excess 
of iron no more hydrogen is evolved. Filter the solution into 
another flask, dilute it with about twice its volume of water, 
and conduct into it chlorine gas, with frequent shaking, until 
the fluid no longer produces a blue precipitate in solution of 
potassium ferricyanide. Heat until the excess of chlorine is 
expelled. Dilute until the fluid is 20 times the weight of the 
iron dissolved, and keep for use. 

Testa . — Solution of ferric chloride must not contain an 
excess of acid. This may be readily ascertained by stirring a 
diluted sample of it with a glass rod dipped in ammonia, 
when the absence of any excess of acid will be proved by the 
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formation of a precipitate which fails to dissolve upon agitat- 
ing the fluid. Potassium ferricyanide must not impart a blue 
color to it. Hydrogen sulphide must give a white precipitate 
of sulphur in the diluted solution to which some hydrochloric 
acid is added. The solution is best tested for arsenic by 
means of Marsh’s apparatus (see the reactions for arsenious 
acid in Section III). When evaporated with nitric acid and 
treated with an abundance of the solution of ammonium 
molybdate in nitric acid, the solution ought not to give a 
yellow precipitate even after long standing (phosphoric acid). 

Uses . — ^Ferric chloride serves to subdivide the group of 
organic acids which calcium chloride fails to precipitate, as 
it produces precipitates in solutions of benzoates and suc- 
cinates, but not in cold solutions of acetates and formates. 
The aqueous solutions of normal ferric acetate and formate 
•exhibit an intensely red color. Ferric chloride is therefore 
a useful agent for detecting acetic acid, formic acid, and also 
salicylic acid: It is exceedingly well adapted to effect the 
decomposition of phosphates of the alkali-earth metals (see 
phosphoric acid in Section III). It also serves for the detec- 
tion of ferrocyanides, with which it produces Prussian blue, 
and, with the co-operation of barium carbonate, for the pre- 
cipitation of small amounts of phosphoric and of arsenic 
acids from dilute solutions. 


8. Silver Nitrate, AgNO,. 

Dissolve 1 part of the crystallized salt, which may be 
purchased in a very pure condition, in 20 parts of water. 

Tests . — Solution of silver nitrate should have a neutral 
reaction. Dilute hydrochloric acid must completely precip- 
itate all fixed matter from it The fluid fiOitered from the 
precipitated silver chloride must accordingly leave no residue 
when evaporated on a watch-glass, and must be neither pre- 
cipitated nor colored by hydrogen sulphide. 

With many acids, silver forms soluble, and with 
others, insoluble compounds. like barium chloride, silver 



SEA6EKTS. 


no 


[§70. 


nitrate may therefore serre to effect the separation of acids 
and their arrangement into groups. 

Most of the insoluble compounds of silrer dissolve in dilute 
nitric acid, but the chloride, bromide, iodide, and cyanide, 
ferrocyanide, ferricyanide, sulphocyanide, and sulphide of 
silver are insoluble in that reagent. Silver nitrate is there- 
fore an excellent agent to distinguish and separate from all 
others the adds corresponding to the compounds of silver 
just enumerated. Many of the insoluble silver salts exhibit 
peculiar colors (silver chromate, silver arsenate), or manifest 
a charaoteristio deportment with other reagents or upon the 
application of heat (silver formate). Silver nitrate is there- 
fore an important agent for the positive detection of certain 
acids. 


§70. 

4. Tiuau Acetate, Pb(0,H,0,), ; crystcJlized, Pb(0,H,O^,.3H,O. 

The best lead acetate of commerce is sufficiently pure. 
Por use dissolve 1 part of the salt in 10 parts of water. 

Tests . — ^Lead acetate must completely dissolve in water 
acidified with a drop or two of acetic acid. The solution 
must be quite clear and colorless ; hydrogen sulphide must 
throw down all fixed matter from it, so that the filtrate from 
the lead sulphide is not affected by ammonium sulphide, and 
leaves no residue upon evaporation. On mixing the solution 
with ammonium carbonate in excess, and filtering, the filtrate 
must not show a bluish tint (copper). The solution acidified 
with nitric acid should not be made cloudy or be precipitated 
by silver nitrate. 

Uses . — ^With a great many acids, lead forms compounds 
insoluble in water, which are marked either by peculiarity of 
color or charaoteristio deportment. Lead acetate therefore 
produces precipitates in the solutions of these acids or of 
their salts, and serves for the detection of several of them. 
Thus, lead chromate is characterized by its yellow color, lead 
phosphate by its peculiar deportment before the blowpipe* 
and lead malate by its ready fusibility. 



§§?1,72.] 


MEBOUEIO OHLOBIDB. 


Ill 


§71. 

6. Mebottbovs Niteate, Hg,(NO,), crystallized, 
Hg.(N0.)..2H,0. 

Pr^ration.—TonT 1 part of pure nitric acid of 1,2 sp. 
gr. on 1 part of pure mercury in a porcelain disli, and let the 
vessel stand twenly-four hours in a cool place. Separate the 
crystals formed from the undissolved mercury and the mother- 
liquor, and dissolve them in water mixed with part of nitric 
acid, by trituration in a mortar. Filter the solution and keep 
the filtrate in a bottle with some metallic mercury covering 
the bottom. 

Tests . — With dilute hydrochloric acid, the solution of 
mercurous nitrate must give a copious white precipitate of 
mercurous chloride ; hydrogen sulphide must produce no 
precipitate in the fiuid filtered from this, or, at all events, 
only a trifling black one (mercuric sulphide). This liquid, 
remaining clear or filtered, must be unchanged by ammonia 
and ammonium sulphide, and it should give no residue 
upon evaporation. The solution of mercurous nitrate should 
contain no free acid. It must therefore give a permanent 
black precipitate by the addition of even a very small amount 
of dilute ammonia. 

Uses . — ^Mercurous nitrate acts in a manner analogous to 
the corresponding silver salt. In the first place, it precipi- 
tates many acids, and in the second place, it serves for the 
detection of several readily oxidizable bodies {e.g., of formic 
acid), as the oxidation of such bodies, which takes place at the 
expense of the oxygen of the mercurous salt, is attended with 
the highly characteristic separation of metallic mercury. 


§72. 

6. Meboubio Chi/^bidb, HgCl^ 

The corrosive sublimate of commerce is usually sufficiently 
pure. For use dissolve 1 part of the salt in 16 parts of water. 
Uses . — With several adds, e.g., with hydriodic acid, mer- 
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curio chloride gives peculiarly colored precipitates, and may 
accordingly be used for the detection of these acids. It is an 
important agent for the detection of tin, ■where that metal is 
in solution in the state of stannous chloride. If only the 
smallest quanti'ty of the latter compound is present, the addi> 
tion to the solution of mercuric chloride in excess is followed 
by separation of mercurous chloride insoluble in water. In 
a similar manner, mercuric chloride serves also for the detec- 
tion of formic acid. 


§73. 

7. Odpbio SuiiPHATE, CuSO^ ; erystdUized, CuS0,.5H,0. 

Preparaiion. — This reagent may be obtained in a state of 
great purity from the residue remaining in the flask in the 
process of preparing hydrogen sodium sulphite (§ 51), by 
treating with water, applying heat, filtering, adding a few 
drops of nitric acid, boiling for some time, allowing to crys- 
tallize, and purifying the salt by recrystallization. For use 
dissolve 1 part in 10 parts of water. 

Tests . — ^After precipitation by hydrogen sulphide, ammonia 
and ammonium sulphide must leave the filtrate unaltered. 

Uses . — Copper sulphate is employed in qualitative analysis 
to effect the precipitation of hydriodic acid in the form of 
cuprous iodide. For this purpose, it is necessary to mix the 
solution of 1 part of copper sulphate with parts of ferrous 
sulphate, otherwise half of the iodine will separate in the free 
state. In this process, the ferrous salt changes to ferric salt 
at the expense of the cupric sulphate, and the latter is thus 
reduced to a cuprous salt. Copper sulphate is also used for 
the detection of arsenious and arsenic acids, and like'wise 
serves as a test for the soluble ferrocyanides. 

§74. 

8. Stannous Ohlobide, SnCl, ; crystdiMed, 8nCl,.2n,0. 

Pr^pa/ration. — ^Beduoe grain tin to powder by means of a 
file, or by fusing it in a small porcelain dish, removing from 
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the fire, and triturating with a pestle until it has passed again 
to the solid state. Boil the powder for some time with con- 
centrated hydrochloric acid in a flask (taking care always to 
haye an excess of tin in the vessel) until hydrogen gas is 
scarcely evolved ; dilute the solution with 4 times the quan- 
tity of water slightly acidulated with hydrochloric acid, and 
filter. Xeep the filtrate for use in a well-stoppered bottle 
containing small pieces of metallic tin or some pure tin-foil. 
If these precautions are neglected, the stannous chloride will 
soon change to stannic chloride, with separation of white 
oxychloride, which will render the reagent unfit for use. 

Tests , — When added to an excess of solution of mercuric 
chloride, solution of stannous chloride must immediately pro- 
duce a white precipitate of mercurous chloride ; when treated 
with hydrogen sulphide, it must give a dark brown precipitate. 
The liquid filtered from the stannous sulphide ought not to 
be altered (after previous addition of ammonia) by ammonium 
sulphide, and should give no residue upon evaporation. 
Dilute sulphuric acid ought not to cloud or precipitate the 
stannous chloride solution after it has been diluted with 4 
volumes of alcohol (lead). When 1 volume of the stannous 
chloride solution is heated with about 10 volumes of fuming 
hydrochloric acid, the liquid should not become brown 
(arsenic). 

Uses , — The great tendency of stannous chloride to absorb 
oxygen, and thus to form stannic oxide — or rather stannic 
chloride, as the stannic oxide at the moment of its formation 
reacts with the free hydrochloric acid present — ^makes this 
substance one of our most powerful reducing agents. It 
is more particularly suited to withdraw part or the whole of 
the chlorine from chlorides. In the course of analysis, we 
employ it as a test for mercury; also to eflect the detection of 
gold and arsenic. 


§75. 

9. HzDBOOHiiOBOPLATiNio AoED, H,PtCl, ; <sfryst<MvieA^ 
H.PtC1..6H.O. 

Preparation . — Treat platinum chips, which have been puri- 
fied by prolonged heating with concentrated nitric acid, with 
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concentrated hydrochloric acid and a little nitric acid, in a 
flask with a narrow neck. Warm gently for a considerable 
time, and add occasionally more nitric acid until all the 
platinum is dissolTsd. Evaporate the solution with repeated 
additions of hydrochloric acid upon the water-bath, and dis- 
solve the semi-fluid residue in 10 parts of water. 

Tests . — Upon evaporation to dryness on the water-bath, 
hydrochloroplatinic acid must leave a residue which dissolves 
completely in alcohol. If this solution is evaporated, the 
residue ignited, treated with warm nitric acid, and the latter 
is evaporated, no residue, or only a very small one, should 
be left. The hydroohloroplatinio acid solution should give 
a pure yellow, not reddish, precipitate with ammonium chlo- 
ride (iridium). 

Uses . — Hydrochloroplatinic acid forms very sparingly solu- 
ble salts with potassium and ammonium, but a very soluble 
salt with sodium. It serves, therefore, for the detection of 
ammonium and potassium, and for the latter, it is almost the 
best reagent in the wet way. 


§76. 

10. SoDiuu Paixadiotts Chloride, Na,PdGl 4 . 

Dissolve 5 parts of palladium in nitro-hydrochlorio acid, 
add 6 parts of pure sodium chloride, and evaporate on the 
water-bath to dryness. The double salt thus obtained must 
completely dissolve in very little water without leaving a 
residue of intermixed sodium chloride. Dissolve 1 part of 
the salt in 12 parts of water for use. The brownish solution 
affords an excellent means for detecting and separating iodine. 

§77. 

11. Htdboohlobadsio Acid, HAuOlt ; orystdUUsedt 
HAu01..3H,0. 

PrepmraHon . — ^Take fine cuttings of gold, which may be 
alloyed with silver or copper, treat them in a flask with nitro- 
hydrochloric acid in excess, and apply a gentle heat until no 
more of the metal dissolves, then dilute the solution with 10 
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parts of water. If the gold was alloyed with copper— which 
is known by the brownish-red precipitate produced by potas- 
sium ferrocyanide in a portion of the solution diluted with 
water — rmis it with solution of ferrous sulphate in excess. 
This will reduce the hydrochlorauric acid to metallic gold, 
which will separate in the form of a fine brownish-black 
powder. Wash the powder in a small flask, and redissolve it in 
nitro-hydrochloric acid ; evaporate the solution on the water- 
bath, and dissolve the residue in 30 parts of water. If the 
gold was alloyed with silver, the latter metal remains as 
chloride upon treating the alloy with nitro-hydrochloric acid. 
In that case evaporate the solution at once, and dissolve the 
residue in water for use. 

Uses. — Hydrochlorauric acid has a great tendency to yield 
up its chlorine. It therefore readily converts lower chlorides 
into higher chlorides, and, with the co-operation of water, 
lower oxides into higher oxides. These chlorinations or oxida- 
tions are usually indicated by the precipitation of pure metallic 
gold in the form of a brownish-black powder. In the course 
of analysis, this reagent is used only for the detection of stan- 
nous salts, in the solutions of which it produces a brownish- 
jred or purple color or precipitate. 


YI. OoLOBiNa Mattbbs aiw IimiEFEBENT Yeqetable Sub* 

STANCES. 


§78. 


1. Test-papbes. 
a. Bloe IimnTS-PAPEB. 

Preparation. — ^Digest 1 part of litmus of oommeroe with 6 
parts of water, and filter the solution ; divide the intenselj 
bine filtrate into 2 equal parts; satnrate the free alkali in 
one part, by repeatedly stirring with a glass rod dipped in 
very dilute sulphuric acid, until the color of the fluid just 
appears red ; add now the other part of the blue filtrate, pour 
the whole fluid into a dish, and draw strips of filter-paper 
through it ; suspend these strips upon strings and leave them 
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to dry. The color of litmus-paper must be uniform, and 
neither too light nor too dark. It must be easily wet by 
aqueous liquids,* 

Uses , — The red coloring matters contained in comjneroial 
litmus, in its aqueous extract, and in the papers colored with 
it, appear bjue only on account of the presence of alkaline 
bases. If one of the blue preparations comes in contact with 
free acid, this combines with the bases, and, in consequence, 
the proper red color of the coloring matters of litmus appears, 
liitmus-paper affords, therefore, an excellent means for detect- 
ing free acids. Weak, volatile acids are capable of only tran- 
siently combining with the bases occasioning the blue colors 
tion ; consequently the blue color appears again upon their 
volatilization. It must be borne in mind, however, that many 
soluble, normal salts of the heavy metals also effect the change 
of the blue color to red. 

>9. Reddened Litmtjs-papeb. 

Preparation , — Stir blue solution of litmus with a glass rod 
dipped in dilute sulphuric acid, and repeat this process until 
the fluid has just turned distinctly red. Soak strips of paper 
in the solution, and dry them as in or. The dried strips must 
look distinctly red. 

Uses . — Free alkalies and alkali-earths, and also the sul- 
phides of their metals, give a blue color to red litmus-paper \ 
alkali carbonates and the soluble salts of several other weak 
acids, especially of boric acid, possess the same property. 
This reagent therefore serves for the detection of these bodies 
in general. Ammonia changes the color of red litmus-paper 
to blue only temporarily, for upon the volatilization of the 
ammonia, the red color appears again. 

y, TunaoiEio-PAPEE. 

Preparaiion . — Extract bruised turmeric-root with cold 
water, in order to remove a yellow coloring matter, which 

* The litmuS'paper prepared according to the above directions fully suf- 
fices for the purposes of qualitative analysis. In regard to more refined meth- 
ods of preparation, see Zeitschr. f. analyt. Ohem., 7, 466; 12, 868, 21, 992;. 
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has little delicacj towards alkalies. Dry the residue, digest 
1 part of it with 6 parts of alcohol, and soak strips of fine, 
unglazed paper in the filtered tincture. The dried turmeric- 
paper must have a fine yellow color, and be easily wet by 
aqueous liquids. 

Uses. — ^Like red litmus-paper, turmeric-paper serves for 
the detection of free alkalies, etc., which change its yellow 
color to brown. It is not so delicate a test as the other re- 
agent papers, but the change of color is highly characteristic, 
and is very distinctly perceptible in many colored fluids ; we 
cannot well dispense, therefore, with this paper. When test- 
ing with turmeric-paper, it must be borne in mind that, besides 
the substances enumerated in yS, several other bodies (boric 
acid, for instance) possess the property of turning its yellow 
color to red (especially upon drying). It thus affords an eicel- 
lent means for the detection of boric acid. 

All test-papers are cut into strips, which must be kept in 
well-closed boxes or in black bottles, since they are bleached 
by the continued action of light. 


§79. 


2. SoLtmoN OP iHDiao. 

PrepwraMon . — Take from 4 to 6 parts of fuming sulphuric 
acid, add slowly, and in small portions at a time, 1 part of 
finely pulverized indigo, taking care to keep the mixture well 
stirred. The acid has at first imparted to it a brownish tint 
by the matter which the indigo contains in admixture, but it 
subsequently turns deep blue. Elevation of temperature to 
any considerable extent must be avoided, as part of the indigo 
is thereby destroyed. When dissolving large quantities of 
the substance, it is therefore advisable to place the vessel in 
cold water. When the whole of the indigo has been added to 
the acid, cover the vessel, let it stand forly-eight hours, then 
pour its contents into 20 times the quantity of water, mix, 
filter, and keep the filtrate for use. 
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B. EEAGENTS IN THE DET WAT. 
I. Eluxes aud Decomposing Agents. 


§80. 


1. Mletube op Sodium Carbonate and Potassium Carbonate, 
Na,CO. + K,0O.. 


PrefpaTdtion, — ^Digest for a few hours 10 parts of pow- 
deredi purified creazu of tartar with 10 parts of water and 
1 part of hydrochloric acid, with frequent stirring, upon the 
water-bath. Transfer the mass to a funnel provided with a 
small filter in the apex, let it drain, cover it with a double disk 
of thick paper which is turned up around the edge, and wash 
by pouring repeatedly small quantities of cold water upon 
this paper, un^, after the addition of nitric acid, the wash- 
ings are no longer clouded by silver nitrate solution; dry 
the hydrogen potassium tartrate thus freed from calcium (and 
phosphoric acid). Prepare also some pure potassium nitrate 
by dissolving the commercial salt in half its weight of water 
at the boiling temperature, filtering the solution into a porce- 
lain or stoneware dish by means of a filter contained in a 
warmed porcelain funnel, and stirring it diligently with a 
porcelain or wooden spatula until cold. Bring the crystalline 
powder upon a funnel which is loosely stopped with, cotton, 
let it drain, press it down firmly, make the surface level, 
cover it with a double disk of slowly permeable paper turned 
up around the edge, and pour water upon this in small por- 
tions and at proper intervals of time until the wash-water 
which comes away is no longer made turbid by silver nitrate. 
Then transfer the contents of the fuimel to a porcelain dish, 
dry the salt, and pulverize it finely. 

Mix 2 parts of the pure cream of tartar with 1 part 
of the pure saltpeter. Put the fully dried mixture in por- 
tions into an iron pot which has been brightly scoured and 
heated to low redness. After deflagration has taken place, 
heat it strongly, until a test taken out gives an entirely color- 
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less solution with water. Pulverize the carbonized mass with 
water, filter, wash somewhat, and evaporate the solution in a 
porcelain — or, better, in a silver — dish until it becomes cov- 
ered with a permanent crust of salt. Let it now cool with 
constant stirring, bring the crystals of potassium carbonate 
upon a funnel, let them drain well, and wash a little. Dry 
the substance completely, best in a platinum or silver dish, 
and preserve in well-closed vessels. Upon evaporation, the 
mother-liquor yields a preparation containing traces of 
alumina and silicic acid, which is serviceable for many 
purposes. 

Pure potassium carbonate can also be obtained without 
difficulty from commercial potassium bicarbonate. Pulver- 
ize this, wash it with small amounts of cold water until, 
after acidifying with nitric acid, the washings are no longer 
clouded by silver nitrate and barium nitrate ; dry the powder 
and convert it by heating (best in a platinum or silver dish) 
into normal potassium carbonate. 

Mix intimately 13 parts of the pure potassium carbonate 
with 10 parts of pure anhydrous sodium carbonate, and pre- 
serve the mixture in well-closed bottles. This mixture can be 
directly prepared by deflagrating 20 parts of pure acid potas- 
sium tartrate with 9 parts of pure sodium nitrate, and evapo- 
rating the solution, obtained as described above, to dryness ; 
or also by igniting pure sodium potassium tartrate (Bochelle 
salt), extracting the carbonaceous mass with water, and evapo^ 
rating the colorless solution to dryness. 

The salt should be tested like sodium carbonate (§ 49). 
The presence of any potassium cyanide is detected by adding 
some ferrous-ferric solution and then an excess of hydrochlo- 
ric acid, when a bluish-green coloration is produced, and a 
blue precipitate which settles after long standing. 

JJsea . — ^If silicic oxide or a silicate is fused with about 4 
parts (consequently with an excess) of potassium or sodium 
carbonate, carbon dioxide escapes with effervescence, and an 
alkali silicate is formed, which, being soluble in water, may 
be separated from such metallic oxides as may remain 
undissolved; from the solution, hydrochloric acid separates 
the silicic acid. If sodium or potassium carbonate is fused 
together with sulphates of barium, strontium, or calcium, 
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there are formed carbonates of the alkali-earth metals and 
sodium or potassium sulphate, which are compoimds that can 
be separated by water, and in which new compounds, both 
the base and the acid of the originally insoluble salt may 
now be readily detected. Instead of potassium carbonate or 
sodium carbonate alone, we use preferably the mixture con- 
sidered above, for fluxing insoluble silicates and sulphates, 
because it has a lower melting-point than either of its con- 
stituents, and thus renders it possible to flux the compounds 
under consideration by the use of a simple gas-lamp or of 
Bebzelixjb’s alcohol-lamp. The fusion with alkali carbonates 
is invariably effected in a platinum crucible, provided no- 
reducible metallic compound is present. 


§ 81. 

2. Babium Htdboxidb, Ba(OH),. 

Preparation . — Heat the barium hydroxide crystals, ob- 
tained according to § 37, in a silver or platinum dish at a 
gentle heat until all the water of crystallization is driven off, 
pulverize the remaining white mass, and keep it for use in 
well-stoppered bottles. 

TTsea . — Barium hydroxide fuses at a low red heat without 
losing its water. If silicates which are undecomposable by 
acids are fused with about 4 times their weight of this re- 
agent, basic silicates are formed which are decomposable 
by acids. If the fused mass, therefore, is treated with water 
and hydrochloric acid, the solution evaporated to dryness, 
and the residue digested with dilute hydrochloric acid, the 
silicic acid remains undissolved, while the metallic chlorides 
go into solution. TJse is made of barium hydroxide for flux- 
ing when it is desired to test silicates for alkalies. It is 
deservedly preferred to barium carbonate or nitrate, which 
may be used for the same purpose, because it does not 
require a very high temperature like the first, and does not 
occasion spattering on account of evolved gas like the latter. 
Fluxing with barium hydroxide is done in a silver or plati- 
num crucible. 
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§ 82. 

3. Calcium Fluoeide, CaF,, and other Fluorides. 

Select the purest fluor-spar possible, especially such as is 
free from alkalies, pulverize it finely, and keep for use. 

Uses , — When used together with sulphuric acid, calcium 
fluoride serves for decomposing silicates which are insoluble 
in acids, and especially for detecting the alkali metals con- 
tained in them. If aqueous hydrofluoric odd which is pure 
(leaving no residue when evaporated in a platinum dish) is 
available (this can now to be purchased in wax bottles) or 
pure ammonium fluoride or hydrogen ammonium flmridCy these 
are to be preferred to calcium fluoride for decomposing sili- 
cates. (Compare sHidc odd, § 180.) Hydrogen ammonium 
fluoride, HF.NH^F, can be quickly prepared by strongly super- 
saturating hydrofluoric acid or hydrofluo silicic acid with 
ammonia. AEter war ming gently, filter if necessary, best 
with the employment of a funnel of gutta-percha or hard 
rubber, and evaporate the filtrate in a platinum dish to dry- 
ness. The preparation must volatilize without leaving a resi- 
due when heated in a platinum dish (the commercial salt 
sometimes contains lead). It is best prepared directly for 
use, because it can be kept only in platinum vessels, or in 
those of gutta-percha or hard rubber, and it is inclined to 
deliquesce. The solution of this salt, supersaturated with 
ammonia, serves also for the recognition and separation of 
lithium. 


§83. 


4. Sodium Nitbatb, NaNO,* 

Exactly neutralize pure nitric acid with pure 
sodium carbonate, and evaporate to crystallization i dry the 
crystals thoroughly, triturate, and keep the powder for use. 

J^ests , — solution of sodium nitrate must not be made 
turbid by solution of silver nitrate or barium nitrate, nor pre- 
•cipitated by sodium carbonate. 

Usee,— Bodmm nitrate serves as a very powerful oxidizing 
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agent, by yielding oxygen to oombuetible substances when 
heated with them. We use this reagent principally to con- 
Tert several metallic sulphides, more particularly the sul- 
phides of tin, antimony, and arsenic, into oxides or acids; 
alan to effect the rapid and complete combustion of organic 
substances. For the latter purpose, however, ammmiwm 
mirate is sometimes preferable, and is prepared by neutraliz- 
ing nitric acid with ammonium carbonate. 

§84. 

6. PoTASsnjM Disuuhate, EI,S,0,. 

PT(^pciYotion.-—Ji^3i in a platinum dish or a large platinum 
crucible 87 parts of neutral potassium sulphate with 49 parts 
of pure concentrated sulphuric acid, heat to low redness until 
the mass is uniformly liquid and perfectly clear, then pour it 
into a platinum dish standing in cold water, or upon a frag 
ment of porcelain or something of the Irind ; break it up, and 
preserve it for use. 

Siats . — The potassium disulphate must dissolve in water 
with ease to a clear fluid with a strong acid reaction. The 
solution must not be rendered turbid nor precipitated by 
hydrogen sulphide or by ammonia and ammonium sulphide. 

Uses. — ^A.t the temperature of fusion, potassium disul- 
phate dissolves and decomposes many bodies which cannot 
be dissolved and decomposed without considerable difficulty, at 
least, by acids in the wet way, such as ignited alumina, titanic 
chrome ironstone, etc. This reagent, therefore, is of 
service in effecting the solution or decomposition of such 
bodies. The fusion is preferably effected in platinum vessels. 

IL BlOWHPB RBAaENTS. 


§ 86 . 

1. Sonrox Oabbonaib, Na,CO«. 

Prepoaratim . — See § 49. 

JJaea . — Sodium carbonate serves, in the ffxst place, to pro- 
mote the reduction of oxidized substances in the inner flame 
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of the blowpipe. In fusing, it brings the oxides into the most 
intimate contact with the charcoal support, and enables the 
flame to embrace every part of the substance under examina- 
tion, With salts of the heavy metals, the reduction is pre- 
ceded by separation of the base. In this process, it also- 
co-operates chemically by the transposition of its constitu- 
ents (according to B., Wagner, in consequence of the forma- 
tion of sodium cyanide). Where the quantify operated upon 
is very minute, the reduced metal is often found in the 
pores of the charcoal. In such cases, the parts surrounding 
the cavity which contained the substance are dug out with a 
knife, triturated in a small mortar, and the charcoal is then 
washed off from the metallic particles, which now become 
visible either in the form of powder or as small, flattened 
spangles, as the ease may be. 

Sodium carbonate serves, in the second place, as a solvent, 
and platinum wire is the most convenient support for testing- 
the solubility of substances in the fused reagent. Only a few 
of the bases dissolve in fusing sodium carbonate, but acids 
dissolve in it with facility. It is also applied as a decompos- 
ing agent and a flux, more particularly to effect the decom- 
position of the insoluble sulphates, with which it exchanges 
acids, the newly formed sodium sulphate being reduced in 
the inner flame to sodium sulphide. It is further employed 
to effect the decomposition of arsenious sulphide, with which 
it forms a double arsenious and sodium sulphide, and sodium 
arsenite or arsenate, thus converting it to a state which 
permits its subsequent reduction by hydrogen. In the dry 
way, sodium carbonate is also the most sensitive reagent for 
the detection of manganese, as when fused in the outer flame 
with a substance containing manganese it produces a green, 
opaque bead, owing to the formation of sodium manganate. 


§ 86 . 


2. Potassium Oyanidb, KON. 

Prqxwerfion. — See § 57, 

— ^Potassium cyanide is an exceedingly powerful 
reducing agent in the dry way, excelling in its action almost 
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all other reagents, and separating the metals not only from 
most oxygen compounds, but also from many sulphur com- 
pounds. In the former case, this reduction is attended with 
formation of potassium cyanate by the absorption of oxygen, 
and in the latter case, with formation of potassium sulpho- 
cyanide by the taking up of sulphur. By means of this 
reagent, we may effect the reduction of metals from their 
compounds with the greatest facility (usually even in a porce- 
lain crucible over a simple gas or alcohol flame). Wo may, 
for instance, produce metallic antimony from antimonious 
acid or from antimony sulphide, metallic iron from ferric 
oxide, etc. The readiness with which potassium cyanide 
enters into fusion greatly facilitates the reduction of the 
metals. It is a most valuable and important agent for 
effecting the reduction of stannic oxide, antimonic acid, and 
particularly of arsenious sulphide. It is equally important 
as a blowpipe reagent, its action being exceedingly energetic, 
and substances like stannic oxide, the reduction of which 
by means of sodium carbonate requires a tolerably strong 
flame, are reduced by potassium cyanide with the greatest 
facility. In blowpipe experiments, we invariably use a mix- 
ture of equal parts of sodium carbonate and potassium 
cyanide, the admixture of the former being intended here to 
check in some measure the excessive fusibility of the latter. 
This mixture, besides being a far more powerful reducing 
agent than the simple sodium carbonate, has, moreover, 
this great advantage, that it is absorbed by the pores of 
the charcoal with extreme facilily, and thus permits the 
production of the metallic globules in a state of the greatest 
puriiy. 


§87. 


8. Sodium FoEMi.™, NaOHO,. 

Preparation . — ^Heat in a tubulated retort connected with a 
condenser and a receiver 200 parts of glycerine and 12 parts 
of crystallized oxalic acid. At 75® a lively reaction begins, 
and at 90® it is in full operation. It consists in the de- 
composition of oxalic acid into carbonic and formic acids: 
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Ha 0 j 04 = 00^ -f- HCHO,. The glycerine induces the reac- 
tion, but remains unchanged as far as the final result is con- 
cerned. Aqueous formic acid goes over with the liberated 
carbon dioxide. As soon as the evolution of carbon dioxide 
has almost ceased, add 12 parts more of oxalic acid. The 
liquid now going over is richer in formic acid than the 
first distillate. After the reaction has almost stopped, add 
13 parts of oxalic acid, and afterwards again 13 parts. In 
this way, 130 parts of distillate are obtained, which con- 
tains about 56 per cent of formic acid (Beethelot, Lobin). 
Neutralize this with sodium hydroxide which is free from 
sulphate, evaporate the solution to dryness, dry the residue 
at 130°, and preserve the anhydrous salt thus obtained in 
a well-closed bottle. 

Teats , — Sodium formate is, above all, to be tested to find 
if it contains any sulphate. Its aqueous solution oughi^ 
therefore, to give no turbidity with barium chloride after the 
addition of a few drops of hydrochloric acid. 

Uaea , — Sodium formate is a powerfully acting reducing 
agent, and can often be used instead of the poisonous potas- 
sium cyanide. Its action depends upon the fact that it goes 
over iniiO sodium carbonate by heating, with the liberation of 
hydrogen and carbon monoxide (P. Nelissen). 


§ 88 . 

4. Sodium Tetraborate (Borax), oryatalMzed, 

Na,B4O,.10H,O. 

The purity of commercial borax may be tested by adding 
to its solution sodium carbonate, or, after previous addition 
of nitric acid, solution of barium nitrate and of silver nitrate. 
The borax may be considered pure if these reagents fail to 
produce any alteration in the solution ; but if either of them 
causes the formation of a precipitate, or renders the fluid 
turbid, reorystallization is necessary. The pure crystallized 
borax is exposed to a gentle heat in a platinum crucible until 
it ceases to swell. It is then left to cool, and afterwards 
pulverized and kept for use. 
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Uses , — Boric acid shows a great affinity for oxides when 
it comes in contact with them in a molten condition. In 
the first place, therefore, it combines directly with oxides ; 
in the second place, it expels weaker acids from their salts ; 
and in the third place, it facilitates the oxidation of metals^ 
and of sulphur and halogen compounds in the outer blowpipe 
flame, owing to the fact that it dissolves the resulting oxides. 
The borates which form are usually fusible themselves, but 
they fuse far more readily together with sodium borate, the 
latter acting simply as a flux or forming double salts. In 
sodium tetraborate, we have, first, active boric acid ; second^ 
sodium borate ; and, consequently, both conditions com- 
bined, whereby, as stated, oxides, sulphides, metals, etc., are 
brought into a state of solution and fusion. For these reasons, 
borax is of the greatest importance as a blowpipe reagent. 
In the process of fusing with borax, platinum wire is usually 
selected for a support. The loop of the wire is moistened 
or heated to redness, then dipped into the powder, and 
exposed to the outer flame, a colorless bead of fused borax 
being thus produced. A small portion of the substance is 
then attached to the bead, by bringing the latter into con^ 
tact with it while still hot or by having previously moistened 
it. The bead with the substance adhering is next exposed 
to the gas or blowpipe flame, and the reactions are observed. 
The following points ought to be more particularly watched : 
(1) Whether the substance dissolves to a transparent bead, 

' and retains its transparency on cooling ; (2) whether the bead 
exhibits a distinct color, which in many cases at once clearly 
indicates the individual metal contained in the substance, as 
is the case, for instance, with cobalt; and (3) whether the 
bead manifests the same or a different deportment in the 
outer and in the inner flame. Beactions of the last kind 
arise from the reduction of higher to lower oxides, or even to 
the metallic state, and are for some substances particularly 
characteristio. 
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§ 89. 

6. HTOBOGENSODnjMAMMONITJM PHOSPHATE, HNaNH.PO^.SH^O. 

{Mixyrocosmic SaU^ Salt of Phosphorus.) 

Preparation. — a. Heat to boiling 6 parts of hydrogen diso- 
dium phosphate and 1 part of pure ammonium chloride with 
2 parts of water, and let the solution cool. Pree the resulting 
crystals from the sodium chloride which adheres to them, 
by recrystallization, with addition of some solution of ammo- 
nia. Dry the purified crystals, pulverize, and keep for use. 

h. Take 2 equal parts of pure orthophosphorio acid, and 
add solution of soda to one and solution of ammonia to the 
other, until both fluids have a distinct alkaline reaction ; mix 
the two together, and let the mixture crystallize. 

Tests . — Hydrogen sodium ammonium phosphate dissolvee 
in water to a fluid with feebly alkaline reaction. The yellow 
precipitate produced in this fluid by silver nitrate must com- 
pletely dissolve in nitric acid. Upon fusion on a platinum 
wire, microcosmic salt must give a clear and colorless bead. 

On heating hydrogen sodium ammonium phosphate,, 
two molecules of it give up a molecule of water and two mole- 
cules of ammonia, together with the water of crystallization,, 
leaving hydrogen sodium pyrophosphate, upon 

heating more strongly, an additional molecule of water escapes,, 
and two molecules of readily fusible sodium metaphosphatep 
NaPO,, are left behind. The action of sodium metaphos- 
phate is quite aiialogous to that of sodium tetraborate. How- 
ever, in some oases we prefer it to borax as a solvent or flux, 
the beads which it forms with many substances being more 
distinctly colored than those of borax. Platinum wire is 
also used for a support in the process of fluxing with sodium 
metaphosphate. The loop must be made small and narrow, 
otherwise the bead will not adhere to it. The operation i^ 
conducted as directed for borax. 


§ 90. 

6. Cobalt Nitrate, Oo(NO,), ; crystdShed, Oo(NO,),.6H^O. 

Preparotwm.— Dissolve commercial cobalt oxide in hydro- 
chloric acid, evaporate the solution to dryness upon the 
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water-bath, take up the residue with water, add precipitated 
barium carbonate suspended in water, in some excess, let 
it stand for several hours with frequent stirring, filter, and 
wash; add to the filtrate more barium carbonate, pass in 
chlorine, let it stand for some time with frequent agitation, 
separate the precipitate consisting of cobaltic hydroxide and 
the excess of barium carbonate from the solution containing 
the nickel, wash, dissolve in hydrochloric acid, precipitate the 
barium by adding sulphuric acid in only slight excess, and 
then, without previously filtering, pass in hydrogen sulphide 
while the liquid is heated to about 70“. Filter, add ammonia 
to alkaline reaction, then ammonium sulphide until this pre- 
dominates ) finally, add acetic acid to distinctly acid reaction. 
Filter off the cobalt sulphide, wash it, dissolve it in aqua 
regia, evaporate off the excess of acid, take up with water, and 
precipitate hot with sodium carbonate. After washing the 
precipitate, mix it while still moist with an excess of oxalic 
acid. Wash the rose-red cobalt oxalate well, dry it, and 
ignite it in a glass tube in a stream of hydrogen. It decom- 
poses in this operation into carbon dioxide, which escapes, and 
metallic cobalt. Wash the latter first with water containing 
acetic acid, then with pure water ; dissolve it in dilute nitric 
acid, evaporate the solution on the water-bath to dryness, 
and dissolve 1 part of the residue in 10 parts of water. 

Tfests. — Solution of cobalt nitrate must be free from other 
metals, especially from salts of the alkali metals ; and when 
precipitated with ammonium sulphide and filtered, the filtrate 
upon evaporation on platinum must leave no fixed residue. 
Treated with potassium cyanide in excess and bromine, with 
the addition, if necessary, of sodium hydroxide, there should 
form no black precipitate of nickelic hydroxide, even after 
about an hour. 

Uses . — Upon ignition with certain infusible bodies (zinc 
oxide, alumina), cobalt monoxide forms peculiarly colored 
compounds, and may accordingly serve for their detection 
(see Section III). 
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BEAOTIONS, OE DEPOETMENT OP BODIES WITH 

EEAGENTS. 

§ 91 . 

In my introductory remarks, I stated that the operations 
and experiments of qualitative analysis have for their object 
the conversion of the unknown constituents of any given com- 
pound into forms of which we know the deportment, relations, 
and properties, and which will accordingly permit us to draw 
correct inferences regarding the several constituents of which 
the analyzed compound consists. The greater or less value 
of such analytical experiments, like that of all other inquiries 
and investigations, depends upon the greater or less degree 
of certainty with which they lead to definite results, whether 
of a positive or negative nature. But as a question does not 
render us any wiser if the language is unknown in which the 
answer is returned, so in like manner will analytical invest!- 
gations prove unavailing if we do not understand the mode 
of expression in which the desired information is conveyed 
to us ; in other words, if we do not know how to interpret 
the phenomena produced by the action of reagents upon the 
substance examined. 

Therefore, before we can undertake the practical in- 
vestigation of analytical chemistry, it is indispensable that 
we should possess the most accurate knowledge of the de- 
portment, relations, and properties of the new forms into 
which we intend to convert the substances we wish to ana- 
lyze. Now this knowledge consists, in the first place, in a 
clear conception and comprehension of the conditions neces- 
sary for the formation of the new compounds and the mam- 
festation of the various reactions ; and in the second place, in 



130 


DEPORTMENT OF BODIES WITH REAGENTS. [§ 92. 

a distinct impression of the color, form, and physical proper- 
ties which characterize such compounds. This section of 
the work demands, therefore, not only the most careful and 
attentive study, but requires that the student should verify 
the facts by experiment. 

In the present work, those substances which are in many 
respects analogous are arranged in groups, since by compar- 
ing their analogies with their differences, the latter are placed 
in the clearest possible light. 

A, — Depoetment of tbe Metallic, mostly Basic, BadioaIjS. 

§ 92 . 

Before proceeding to the special study of the several metals, 
I give here a general view of all of them classified in groups, 
showing which belong to each group. The basis for this 
classification will appear in connection with the special con- 
sideration of each group. 

First group : 

Potassium, sodium, ammonium (osesium, rubidium, 
lithium). 

Second group : 

Barium, strontium, calciu/m, magnesium. 

Third group : 

Alumirdum, chromium (beryllium, thorium, zirconium, 
yttrium, cerium, lanthanum, didymium, titanium, 
tantalum, niobium). 

Fourth group : 

Zinc, manganese, niekd, cohdlt, iron (uranium, thallium, 
indium, gallium, vanadium). 

Fifth group : 

Silver, mercu/ry, lead, bismuth, copper, cadmium (pal- 
ladium, rhodium, osmium, ruthenium). 

Sixth group : 

Gold, platinum, tin, antimony, arsenie (germanium, irid- 
ium, molybdenum, tungsten, tellurium, selenium). 

Of these metals, only those printed in italics are found dis- 
tributed extensively and in large quantities in that portion of 
the earth’s crust which is accessible to investigation. There- 



§§ 93, 94] 


POTASSHTM. 


131 


fore, these are most important in chemistry, the arts and 
manufactures, agriculture, pharmacy, etc., and will be dwelt 
upon at greater length. The remainder are more briefly con- 
•sidered in paragraphs printed in smaller type, which may be 
passed over when the study of analytical chemistry is first 
taken up. The metals which are still the subject of scientiflo 
discussion, especially those imperfectly known, such as 
erbium, terbium, davyum, scandium, holmium, ytterbium, 
samarium, philippium, decipium, thulium, etc., are not con- 
sidered in this book. The properties and reactions of the 
metals themselves I have given only in the case of those that 
.are more frequently met with m the metallic state. 

§ 93. 

PQtST OBOnP. 

More common metals : PoTASSiini, SoDimi, Aioiommc. 

Barer metals : CiQSiXJU, BuBininM, Lithum. 

Properties of the Group. — ^The hydroxides of the metals of 
the first group — ^the alkalies — are readily soluble in water, as 
are also the sulphides, carbonates, and phosphates of these 
metals. (Lithium carbonate and phosphate, however, dis- 
solve with difficulty.) Accordingly, the alkalies do not pre- 
cipitate one another, nor do the alkali carbonates or phos- 
phates (in the case of lithium, a high degree of dilution of 
the solutions is presupposed), nor are they precipitated by 
hydrogen sulphide under any conditions. The solutions of 
the hydroxides, as well as of the sulphides and carbonates of 
this group, restore the blue color of reddened litmus-paper, 
n.nd impart an intensely brown tint to turmeric-paper. 

Specud Heaotions of the More Common MetoAs of the 
First Group. 

§94 

o. PoTASSiDM, K. {Oxide, K,0.) 

1. PoTABBnmi HTOBOXEDB and POTASsitm SAXOS are not volan 
tile at a faint red heat. The hydroxide deliquesces in tha 
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air, and the oily liquid formed absorbs carbon dioxide rapidly, 
but without solidifying. 

2. Nearly all the potassiok salts are soluble in water. 
Those with colorless acids are colorless. The normal salts 
of strong acids do not alter vegetable colors. Potassium 
carbonate crystallizes (in combination with water of crystaU 
lization) with difficulty, and deliquesces in the air; while 
potassium sulphate is anhydrous, and suffers no alteration, 
upon exposure. 

3. In the neutral and acid solutions of potassium salts,. 
hydTocUoroj^Unic cudd produces a yellow, crystalline, heavy 
precipitate of potassium platinio ohlobim!, K,Pt01,. In con- 
centrated solutions, this precipitate separates immediately 
upon the addition of the reagent ; but in dilate solutions, it 
forms only after some time, often after a considerable time. 
Very dilute solutions are not precipitated by the reagent. 
The precipitate consists of octahedrons discernible under the 
microscope. Alkaline solutions must be acidified with hydro- 
chloric acid before the hydroohloroplatinic acid is added. 
The precipitate is difficultly soluble in water, and the presence 
of free acids does not greatly increase its solubility. It is 
insoluble m alcohol. Hydroohloroplatinic acid is therefore 
a particidarly delicate test for potassium salts dissolved in 
alcohol. The best method of applying this reagent is to 
evaporate the aqueous solution of the potassium salt with 
hydroohloroplatinic acid nearly to drjuess on the water-bath, 
and to pour a little water over the residue (or, better still, 
some alcohol, provided no substances insoluble in that men- 
struum are present), when the potassium platinic chloride will 
be left undissolved. Care must be taken not to confound this 
salt with ammonium platinio chloride, which greatly resem- 
bles it (see § 96, 5). 

4. In neutral or alkaline solutions, tartomo aoid producea 
a white, quickly subsiding, granular crystalline precipitate of 
HiDEoara POTASSIUM TABTRAiB, HKO^H^O,. (To alkaline solu- 
tions, the reagent must be added until the fluid shows a 
strongly acid reaction.) In concentrated solutions, this pre- 
cipitate separates immediately, but in dilute solutions, often 
only after the lapse of considerable time. Vigorous shaking 
or stirring of the fluid greatly promotes its formation. Very 



§94.] 


POTASSIUM. 


133 


dilute solutions are not precipitated by this reagent. Free 
alkalies and free mineral acids dissolve the precipitate. It is 
sparingly soluble in cold, but pretty readily soluble in hot 
water. In acid solutions, the free acid must, if practicable, 
first be expelled by evaporation and ignition, or the solution 
must be neutralized with sodium hydroxide or carbonate. 

Hydrogen sodium tartrate answers still better than free 
tartaric acid as a test for potassium. The reaction is the same 
in kind, but different in degree, being more delicate with the 
salt than with the free acid. Where the former is used, the 
sodium salt of the acid that was combined with the potas- 
sium is formed, whereas when free tartaric acid is the test 
applied, the acid originally combined with the potassium is 
liberated. This action tends to increase the dissolving power 
of the water present upon the hydrogen potassium tartrate, 
and thus to check the separation of the latter : KNO, + HNa 
0,H,0. = HK0,H,0. + NaNO,. 

5. If five or six drops of cohcdt nitrate solution (§ 90) and 
about 1 cc of acetic acid are added to about 2 cc of a 10 per 
cent solution of sodium nitrite, a deep orange-yellow fiuid hav- 
ing a strong odor of nitrous acid is obtained. When added 
to the neutral solution of a potassium salt until the color 
becomes yellow, this freshly prepared reagent produces a 
yellow, crystalline precipitate of potassium oobaltio nitrite, 
K^Oo(NOj).. In concentrated solutions, this takes place im- 
mediately, but in more dilute ones, only after some time. 
1 part of potassium chloride dissolved in 1000 parts of water 
will still give the reaction (de Koninok), Alkaline solutions 
should be acidified with acetic acid before the test is made. 
Acid solutions should be neutralized with sodium carbonate, 
if the acid cannot be removed by evaporation. The properties 
of the precipitate are given under § 126, 14. Ammonium salts 
give a similar reaction, but only in concentrated solutions. 
The salts of the alkaline-earth metals are not precipitated by 
this reagent. 

6. If a potassium salt which is volatile at an intense red 
heat is held on the loop of a fine platinum wire in the fusing 
zone of the Bunsen gas-lamp (p, 31), the salt volatilizes, and 
imparts a bluish-violet tint to the part of the flame above the 
sample. Potassium chloride and potassium nitrate volatilize 
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rapidly, the carbonate and sulphate less rapidly, and the 
phosphate still more slowly; but all distinctly show the reac- 
tion, though in decreasing degree. If it is wished to obtain 
a more uniform manifestation of the reaction, i.e., a manifes- 
tation independent of the nature of the acid that may chance 
to be combined with the potassium, the sample may be 
simply moistened with sulphuric acid, dried at the border of 
the flame, and then introduced into the fusing zone. With 
silicates and other potassium compounds of difficult volatility, 
the reaction may be insured by first fusing the sample with 
pure gypsum, as this serves to form calcium silicate and po- 
tassium sulphate, and the latter salt readily colors the flame. 
Decrepitating salts are ignited in a platinum spoon before 
they are attached to the loop. The sample of potassium 
salt may also be held before the apex of the inner hlov^pe 
flame produced with a spirit-lamp. The presence of a sodium 
salt completely obscures the potassium coloration of the 
flame. 

If the potassium flame is observed through the indigo 
prism (p. 38), the coloration appears sky-blue, violet, and at 
last intensely crimson, even through the thickest layers of the 
solution. Admixtures of calcium, sodium, and lithium com- 
pounds do not alter this reaction, as the yellow rays cannot 
penetrate the indigo solution, and the rays of the lithium 
flame are able to pass through the thinner layers of the 
solution, but not through the thicker layers. The exact spot 
where the penetrating power of the rays of the lithium 
flame ceases has to be marked by the operator on his indigo 
prism. But organic substances which impart luminosity to 
the flame might lead to mistakes, and must therefore, if 
present, first be destroyed by heat. Instead of the indigo 
prism, one containing potassium permanganate (p. 38) can be 
used, or also a blue glass. In the presence of lithium, suffi- 
ciently thick layers of the absorbing media should be used, 
so that the red of the lithium cannot penetrate them. 

The spectrum of the potassium flame produced by the 
■epectroseope (p. 40) is mapped on Plate L It contains two 
characteristic lines — ^thered line a and the indigo-blue line ft, 

7. If a potassium salt (potassium chloride is best) is heated 
with a liMle water, alcohol (burning with a colorless flame) 
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added, and the liquid heated and kindled, the flame appears 
TiOLET, The reaction is far less delicate than the one men- 
tioned in 6, and the presence of sodium hides it completely. 

§96. 

6. Sodium, Na. {OMe, Na,0.) 

1. Sodium hydroxide and sodium salts present in general 
the same properties and reactions as potassium and its corre- 
eponding compounds. The oily fluid which sodium hydroxide 
forms by deliquescing in the air resolidifies speedily by ab- 
sorption of carbon dioxide. Sodium carbonate crystallizes 
readily, and the crystals, Na 3 CO,. 10 H,O, eflloresce rapidly 
when exposed to the air. The same applies to the ci^stals of 
sodium sulphate, NaaSO^-lOH^O. Sodium chloride is much 
less soluble in concentrated hydrochloric acid than in water. 

2. If a sufficiently concentrated solution of a sodium salt 
with neutral or alkaline reaction is mixed (conveniently in a 
watch-glass) with a solution of add potassium pyroemtimonate 
prepared according to the directions of § 54, the mixture 
remains clear at first, or appears only slightly turbid. How- 
ever, upon rubbing with a glass rod the part of the glass wet 
by the fluid, a crystalline precipitate of sodium pyroantimonate, 
Ha!NaaSbj0,.6H,0, speedily separates, which first makes its 
appearance along the lines rubbed with the rod, and sub- 
sides from the fluid as a heavy, sandy precipitate. Prom 
dilute solutions of sodium salts, the precipitate separates only 
after some time, e.gr-, twelve hours. Prom very dilute solu- 
tions, it does not separate at all. The precipitated sodium 
pyroantimonate is mvarialily crystalline. Where it has separ- 
ated slowly, it occasionally consists of well-formed, micro- 
scopic, tetragonal octahedrons, but more frequently of four- 
sided prisms, terminated by pyramids. Where it has sepa- 
rated promptly, it appears in the form of small boat-shaped 
crystals. Presence of large quantities of potassium salts 
interferes very considerably with the reaction. Acid solu- 
tions cannot be tested with potassium pyroantimonate, as. 
from the latter substance, free acids will separate pyroanti- 
monic acid. Before adding the reagent, it is indispensable. 
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therefore, to remove, if possible, the free acid by evaporation 
or ignition, or where this is not practicable, by neutralizing 
the acid solution with a little potassium carbonate until the 
reaction is feebly alkaline. It should also be borne in mind 
that only those solutions which contain no salts other than 
those of sodium, potassium, and perhaps ammonium, can be 
tested with potassium pyroantimonate. 

3. If sodium salts are held in the fusing zone of the Bun- 
sen gas4amp or in the inner alcohol Howpipe jlame^ they show, 
with regard to their relative volatility and the action of de- 
composing agents upon them, a similar deportment to the 
salts of potassium. The sodium salts are, however, a little 
less volatile than the corresponding potassium salts. But the 
most characteristic sign of the presence of sodium salts is 
the INTENSE YELLOW COLORATION which they impart to the 
flame. This reaction will effect the detection of the minutest 
quantities of sodium, and is not obscured by the presence of 
large quantities of potassium salts. 

It is characteristic of the sodium flame that a crystal of 
potassium diohromate appears colorless in its light, and that 
a slip of paper coated with mercuric iodide appears white, 
with a faint shade of yellow (Bunsen) ; also that the flame 
looks orange-yellow when observed through a green glass 
(Merz). These reactions are not obscured by presence of salts 
of potassium, lithium, and calcium. 

The spectrum (Plate T) shows only a single yellow line a 
in an ordinary spectroscope^ but with a very powerful appara^ 
tus, two lines will be distinctly visible, although they are ex- 
ceedingly close to each other. The reaction is so delicate 
that the sodium chloride contained in atmospheric dust 
generally suffices to give a sodium spectrum, although a faint 
one. 

4. If a SODIUM SALT (sodium chloride is the best) is treated 
as has been given for potassium under 7, the alcohol flame is- 
colored strongly yellow. This reaction, also, is not obscured 
by the presence of potassium salts. 

6. HydrocK<yroplatmio add produces no precipitate in neu- 
tral or acid solutions of sodium salts. Sodium plaiinio chlorida 
dissolves readily both in water and in alcohol, and it ciya- 
tallizes in long, yellow prisms. 
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6. Twftojfvi ac^(j and hydrogen sodiv/m tartrdte fail to pre- 
cipitate even concentrated, neutral solutions of sodium salts* 

§96. 

Ammonium, NH,. 

1. Ammonia, NHj , is gaseous at the common temperature ; 

but is most frequently de^t with in its aqueous solution, in 
which it betrays its presence at once by its penetrating odor. 
It is expelled from this solution by the application of heat. 
It may be assumed that the solution contains ammonium 
oxide, or hydroxide, NH.OH (see § 36). 

2. All ammonium salts are volatile at a low heat^ either 
with or without decomposition. Most of them are readily 
soluble in water. The solutions are colorless if the acid 
exerts no coloring influence. The normal compounds of am- 
monium with strong acids do not alter vegetable colors. 

3. If AMMONIUM SALTS are triturated together with slaked 
lime (best with the addition of a few drops of water), or, 
either in the solid state or in solution, are heated with solution 
of potassium or sodium hydroxide, ammonia is liberated in 
the gaseous state, and betrays its presence — 1, by its character- 
istic ODOE ; 2, by its beaotion with moistened test-papers ; and 
3, by giving rise to the formation of white fumes when any 
object (c.g., a glass rod) moistened with hydrochloric acid, 
nitric acid, acetic acid, or any of the volatile acids, is brought 
in contact with it. These fumes arise from the formation of 
solid ammonium salts produced by the contact of the gases in 
the air. Hydrochloric acid is the most delicate test in this 
respect, but acetic acid admits less readily of a mistake. 
If the expulsion of the ammonia is effected in a small beaker, 
best with slaked lime, with addition of a very little water, 
and the beaker is covered with a watch-glass having a strip of 
moistened turmeric- or reddened litmus-paper attached to the 
center of the convex side, the reaction will show the presence 
of even very minute quantities of ammonia. In such casesy 
however, the reaction is not immediate, but requires some 
time for its manifestation. It is promoted and accelerated 
by the application of a gentle heat. 
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4. If a solution of normal mermroua mtraie is added to a 
solntion which contains free ammonia or ammonium carbon- 
ate, a blach precipitate results, which in very dilute solutions 
is at first whitish-gray. Therefore, if the ammonia eyolved 
according to 3, being set free in a test-tube, is allowed to act 
upon a glass rod which is moistened with mercurous nitrate 
and introduced, or, being liberated in a beaker, is allowed to 
act upon a drop of mercurous nitrate solution spread upon the 
conyex side of a watch-^lass covering it, or upon a strip of 
paper under the watch-glass, moistened with this solution, the 
moistened part of the rod, the drop, or the paper, becomes 
colored from gray to black. This manner of producing the re- 
action is to be especially recommended, because considerable 
amounts of salts present in the liquid to be tested may retard 
the reaction or prevent it. The precipitate which forms in 
this reaction, the so-called mercurius solubilis Eaheeuaeni, 
is not always of the same composition. The precipitate first 
formed at a great degree of dilution, which produces the com- 
pound in the purest condition, corresponds to the formula 
NH,Hg,NO, (Losoh). The formation is illustrated by the fol- 
lowing equation: Hg,(NO,),-f-2NH, = NH,Hg,NO,-l-NH,NO,. 

5. SydrocMoro^tmio aoid shows the same deportment with 
ammonium salts as with salts of potassium. Like the cor- 
responding potassium compound, the yellow precipitate of 
AMMOSiDM mTDUO OHXOBIDE, (NHJ,Pt01„ cousists of octahe- 
drons discernible under the microscope. 

6. From highly concentrated solutions with neutral reac- 
tion, tartaric arid throws down after some time part of the 
ammonium as hideogm ammonidm tabtrate, 

Less concentrated solutions are not precipitated. Hydrogen 
soditm tartrate precipitates concentrated solutions much more 
completely, and produces a precipitate even in more dilute 
solutions. The precipitate is white and crystalline. Its 
separation maybe promoted by shaking, or rubbing the glass 
inside with a glass rod. By solvents it is acted upon like the 
corresponding potassium salt, except that it is a little more 
readily soluble in water and in acid& 
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It€ccip%tvloit%on a/nd HevYiCLTlcs , — The potassiTuu and sodium 
salts are not volatile at a moderate red heat, while the am- 
monium salts volatilize readilj, and maj therefore be easily 
separated from the former by ignition. The expulsion of 
ammonia by slaked lime affords the surest means of ascer- 
taining the presence of ammonium salts. In case of doubts 
the reaction which ammonia gives with mercurous nitrate is 
more decisive than the alkaline reaction of the gas, for the 
vapors of the volatile alkaloids, such as coniine and nicotine, 
give an alkaline reaction, while they give to the mercurous 
nitrate solution a whitish or yellowish-gray turbidity, but do 
not blacken it. 

Potassium salts can be detected by the aid of hydrochloro- 
platinic acid and of tartaric acid or hydrogen sodium tartrate 
only after the removal of the ammonium salts which may be 
present, because both give exactly similar reactions with these 
reagents. Even in testing for potassium salts with sodium 
nitrite and cobalt solution, the removal of any accompanying 
ammonium salts is to be recommended. After the removal of 
the ammonium compounds, potasdim is clearly and positively 
characterized by any one of these three reagents. The reac- 
tions will show with certainty only in concentrated fluids, and 
dilute solutions must therefore first be greatly concentrated. 
A single drop of a cofwmtrated solution will give a positive re- 
sult, which cannot be obtained with a large quantity of a dilute 
fluid. Potassium is most simply detected in potassium platinic 
chloride and in acid potassium tartrate by first decomposing 
these salts by gentle ignition. Prom the platinum compound, 
the decomposition of which is facilitated by the addition of 
some oxalic acid, the potassium is obtained as chloride, while 
potassium carbonate is obtained from the acid tartrate. When 
heated with sulphuric acid, potassium cobaltic nitrite yields 
potassium sulphate and cobalt sulphate. Por the direct 
detection of potassium in potassium iodide, tartaric acid or 
acid sodium tartrate is better suited than hydrochloroplatinio 
acid or sodium nitrate and cobalt solution, since npon the ad*- 
dition of the first, the separation of the potassium platinic 
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chloride is somewhat obscured by the foimatiou of a deep, 
dark red liquid, contaiuiug platinic iodide and some free 
iodine ; while in the second case, nitrous acid and potassium 
iodide react, with the separation of iodine. 

Sodium can be recognized with complete certainty in the 
wet way with acid sodium pyroantimonate, if the reagent has 
been properly prepared ; if the solution of the sodium salt is 
concentrated, neutral, or feebly alkaline, and is free from in- 
terfering bases ; and if it is noticed once for all that sodium 
pyroantimonate always separates in a crystalline condition 
and never in a jfllocculent state* If there is occasion to detect 
in this way small quantities of sodium in the presence of much 
potassium, the latter is first separated by hydrochloroplatinic 
acid, the platinum is removed from the filtrate by means of 
hydrogen sulphide and filtration, the solution is evaporated to 
dryness, gently ignited, taken up in very little water, and then 
tested with acid potassium pyroantimonate. 

Potassium and sodium can be detected by flame coloration 
much more easily and more quickly, and also with far greater 
delicacy, than in the wet way. We have seen, indeed, that the 
sodium coloration completely obscures that of potassium, 
even when only a small amount of a sodium salt is present 
with a large quantity of a potassium salt ; but if the spectro- 
scope is made use of, the spectra of both appear so clearly 
and beautifully that no error is possible. The presence of 
sodium chloride actually increases the strength of the potas- 
sium lines up to a proportion of 100 parts of sodium chloride 
to 1 part of potassium Kshloride, but with greater proportions 
of sodium chloride, the delicacy of the spectroscopic detection 
•of potassium again decreases (Qoooh and Haet). Where a 
spectroscope is not available, the potassium coloration can be 
distinctly recognized in a flame colored strongly yellow by 
sodium, by means of a glass prism filled with a solution of 
indigo or of potassium permanganate, or by the use of a blue 
glass ; while the sodium coloration can be more accurately 
tested, if necessary, by the use of mercuric iodide paper, or of 
a green glass, in the manner already described.* 

* CotH ernlng tlie detection of very small amounts of potassium and sodium 
hy the microscopic observation of crystallized potassium and sodium com- 
{)oiinds, compare Haushofbb’s Hikioskopische Reactionen/’ pp. 55 and 98; 
Bbhabbb, Zeitschr, f. analyt Ohem., 30, 184 and 185; Fbbt, ibid., 32, 204. 
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The following methods serve for the detection of a/m^ 
monium in exceedingly minute quantitieSy as, for instance, in 
natural waters ; they depend upon the separation of certain 
mercury compounds which are insoluble in water, and which 
contain the nitrogen or the nitrogen and part of the hydrogen 
of the ammonia : 

а. If water containing a trace of ammonia or ammonium 
carbonate is mixed with a few drops of solution of mercuric 
chloride, a white precipitate is formed, even in a very dilute 
solution. The precipitate consists of mercurammonium chlo- 
ride, NH,HgCl, thus: 2NH, + HgCl,=NH,Hg01 + NH,C1. If 
the solution is extraordinarily dilute, no turbidity occurs, but 
on the addition of a few drops of solution of sodium carbon- 
ate, the fluid will become turbid or opalescent in a few 
minutes, even after uery extensive dilution. This reaction takes 
place when water containing a trace of a neutral ammonium 
salt is mixed with a few drops of solution of mercuric chloride 
and a few drops of solution of sodium carbonate. The pre- 
cipitate which separates on the addition of sodium carbonate 
consists of one molecule of the previously mentioned precipi- 
tate with one molecule of mercuric oxide: 2NH,4-4Hg01, 
+ 3K,00. = 2(NH,Hg01 + HgO) + H.0 + 6K01 + 300.. 
Too much mercuric chloride and sodium carbonate must not 
be added, otherwise a yellow precipitate of mercuric oxy- 
chloride would be formed (Bohlig, Sohoien). 

б. Upon adding to a solution of potassium mercuric 
iodide containing potassium hydroxide,^ a little of a fluid 
•containing ammonia or an ammonium salt, a reddish-brown 
precipitate is formed if the ammonia is present in some 
•quantity; but there is always a yellow coloration pro- 
duced, at least after some time, even if only most minute 
traces of ammonia are present. The precipitate consists 
of dimerourammonium iodide, NHg.I.H.0, and the reaction 

* This (Nbsslbr's reagent) is prepared by beating to boiling, with stirring, 
85 g of potassium iodide and 13 g of mercuric chloride with 800 cc of water. 
When a clear solution results, a cold saturated solution of mercuric chloride 
is added drop by drop until a permanent precipitate just begins to form. Then 
160 g of pota^um hydroxide or ISO g of sodium hydroxide are added, the 
volume is brought to 1 liter by addition of water, a little more mercuric chlo- 
ride solution is added, and the liquid is allowed to become dear by settling. 
The solution has a very pale, yellowish color. 
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is as follows : 2(2KI.HgIa) -j- NH^ + 3KHO = NHggLHaO 
+ 7KI + 2HaO. Application of heat promotes the separation 
of the precipitate. Presence of chlorides of the alkali metals, 
or of their salts with oxygen acids, does not interfere witli the 
reaction ; but presence of alkali-metal cyanides and sulphides,, 
as well as free carbonic acid and alkali-metal acid carbonates, 
will prevent it (J. Nbsslee). In the presence of the latter, 
potassium or sodium hydroxide is therefore to be added. If 
bicarbonates or any other soluble salts of the alkali-earth 
metals are present, these are precipitated from the solution 
by the addition of an exactly suflSicient quantity of a freshly 
boiled and subsequently cooled solution containing about 
1 part of sodium hydroxide to 2 parts of sodium carbonate. 
The precipitate is allowed to settle in a closed cylinder, and 
the decanted, clear solution is tested with Nessleb’s reagent. 

For the recognition of small amounts of ammonia by tho 
microscopic TThcthod, an appropriate means is offered by the 
production and testing of ammonium magnesium phosphate 
crystals (see Eaushoeeb, p. 13 ; Behbenb, Zeitschr. f. analyt. 
Ohem., 30, 166). 


§98. 

Spedcd Reactions of tie Rarer Metals of the First Grovp. 

1. O-ZESIUM, Os ; 2. Etjbidium, Eb. 

The osBsium and mbidium compounds, especially the latter, occur 
rather widely disseminated in nature, hut in very minute quantities only. 
They have hitherto been found chiefly in the mother-liquors of mineral 
waters, and in a few minerals (lepidolite, camallite, etc.). Oaesium has also 
been found in considerable quantities in pollux, and traces of rubidium 
have been detected m beet-molasses and in the ashes of plants. In general, 
the caesium and rubidium compounds bear great resemblance to those of 
potassium, more particularly in this, that their aqueous solutions, even 
when moderately concentrated, are precipitated by hydrocJiloi'oplatinio 
add^ and also that those compounds that are volatile at a red heat tinge 
the flame violet. The most notable characteristic differences, on the 
other hand, are that the precipitates produced by hydrochloroplatmic acid, 
are far more insoluble in water than potassium platinic chloride. At 10®, 
100 g of water will dissolve 900 mg of potassium platinic chloride, but only 
154 mg of the mbidium platinic chloride, and as little as 50 mg of the 
caesium platinic chloride. Again, the alums show gmat differences as 



§ 98 .] 


0.£SIUM. 


143 


regards their solubility in cold water. Thus, 100 parts of water at 17® dis- 
solve 13.5 parts of potassium alum, 2 27 parts of rubidium alum, and .619 
parts of C80sium alum. Moreover, the flames colored by csesium and 
rubidium compounds give spectra quite different from the potassium spec- 
trum (see Plate I). The cmsium spectrum is especially characterized by 
the two blue lines a and which are remarkable for their wonderful 
intensity and sharp outhne ; also by the line which, however, is less 
strongly marked. In the rubidium spectrum, the splendid indigo-blue lines 
marked a and fi strike the eye by their extreme brilliancy. Less brilliant, 
but still very characteristic, are the lines 8 and y. To detect both alkalies 
m presence of each other by the spectroscope, the chlondes and not the 
carbonates should be taken, since with the latter salts, the rubidium 
spectrum is not always distinct in the presence of that of caesium (Allen, 
Heintz), It should also be mentioned that csesium carbonate is soluble m 
absolute alcohol, while rubidium carbonate is insoluble in that liquid. Still, 
a separation of the two metals is effected only with difficulty by this means, 
as they^ seem to form a double salt which is not absolutely insoluble in 
alcohol. It is more easy to separate them when they are in the form of 
acid tartrates, for the hydrogen rubidium tartrate dissolves in 8.5 parts of 
boiling water and 84.57 parts of water at 26®, while the corresponding 
salt of caesium dissolves in 1 02 parts of boiling water and 10.82 parts 
of water at 26“ (Allen). (Hydrogen potassium tartrate requires 16 parts 
of boiling water and 89 parts of water at 26^) 

The following methods are recommended as the most reliable ones 
for separating csesium from rubidium as weU as from potassium : (a) Add 
stannic chloride to the hot, concentrated solution containing a rather 
large amount of strong hydrochloric acid, Alter the precipitate of csesium 
stannic chloride upon a hardened filter, wash it with concentrated hydro- 
chloric acid, dissolve it m boiling water containing some hydrochloric acid, 
precipitate with concentrated hydrochloric acid, filter again, and wash 
with concentrated hydrochlonc acid. The filtrate contains the rubidium, 
also any potassium that was present, as well as stannic chlonde. Any 
ammonium present, however, is found in the precipitate as ammonium 
stannic chloride, and ammonium salts are, therefore, to be previously 
removed (F. Stolba). (6) Add a solution of antimonious chloride in 
strong hydrochlonc acid to the concentrated solution of the salt, filter 
the precipitate of csesium antimonious chlonde, 30s0].2Sb01s, which 
separates immediately, upon a hardened filter, and wash it with strong 
hydrochloric acid. All the other alkali metals, as well as ammonium, 
are not precipitated, and are found with antimony trichloride in the 
filtrate (Godeffbot). 

Oonceming the microscopic detection of caesium and rubidium, com- 
pare Hattshofeb, p. 81; and Behbens, Zeitschr. f. analyt. Ohem., 30, 187^ 
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3. Lithium, Li. 

Lithium ia found rather widely disseminated in nature, but not in 
large quantities. It is often met with in the analysis of mineral waters 
and ashes of plants, less frequently m the analysis of minerals, and only 
rarely in that of technical and pharmaceutical products. Lithium forms 
the transition from the first to the second group of metals. Its hydroxide 
dissolves with difficulty in water, and it does not attract moisture from 
the air. Most of its salts are soluble in water, while some of them are 
deliquescent (lithium chloride). Lithium carbonate is difficultly soluble, 
particularly in cold water. It is more soluble in water containing carbouic 
acid. Upon boiling, hydrogen sodium phosphate produces in not too 
dilute solutions of salts of lithium, a white, crystallme precipitate of lithium 
phosphate, 2LiaP04.Hfl0, which quickly subsides to the bottom of the 
vessel. This reaction, which is characteristic of lithium, is rendered 
much more delicate by adding with the sodium phosphate a little sodium 
hydroxide solution, just sufficient to leave the reaction alkaline, evapo- 
rating the mixture to dryness, treating the residue with a little water, and 
adding an equal volume of ammonia solution. By this course, even very 
minute quantities of hthium will be separated as 2Li8P04.Hs0. The pre- 
cipitate fuses before the blowpipe, upon fusion with sodium carbonate 
gives a clear bead, and when fused upon charcoal, it is absorbed by the 
pores of the latter. It dissolves in hydrochloric acid to a fiuid which, 
when diluted and supersaturated with ammonia, remains clear in the 
cold, but upon boiling gives a heavy, crystalline precipitate of the com- 
pound mentioned above. (Reactions by which the lithium phosphate dif- 
fers from the phosphates of the alkali-earth metals.) If pure am 7 n/oninm 
fluoride (free from ammonium silicofiuoride) is added to a not too dilute 
solution of a lithium salt, together with an excess of ammonium hydroxide, 
a white, gelatinous precipitate of lithium fiuoride gradually separates. 
Since potassium, rubidium, and caesium fiuorides are easily soluble in 
water, even when it is ammoniacal, and since sodium fluoride requires 
only 70 parts of a mixture of equal parts of ammonia solution and water 
to dissolve it, while lithium fluoride requires 8600 parts of the same for its 
solution, it is evident that lithium can be separated from the other alkali 
metals in the form of lithium fluoride, especially if the amount of sodium 
salts present is not too great. Very small amounts of lithium are best 
separated by evaporating the solution of alkali salts, after adding ammo- 
nium fluoride, to dryness in a platinum dish upon the water-Imth, and 
treating the residue with dilute ammonia solution (A. Oabnot).* [If 
several volumes of amyl alcohol are added to a very concentrated solution 
of the chlorides of lithium, sodium, and potassium, best after making 
slightly acid with hydrochloric acid, and the whole is boiled until the 
water has disappeared, and the boiling is then continued until about one 


* Zeitschr. f. analyt. Chem , 29, 332. 
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half of the remaining amyl alcohol has been removed in order that the 
remainder may become anhydrous, the lithium chlonde, being* very soluble 
in the liquid, may be separated from the almost absolutely insoluble sodium* 
and potassium chlorides by filtering the hot liquid through a dry filter 
(Gooch).] 

Tartaric add and hydrochloroplatinic add fail to precipitate even eon* 
centrated solutions of lithium salts. If salts of lithium are exposed to the 
gas or blowpipe flame, in the manner described for potassium (g 94, 6), they 
tinge the flames carmine-red. Silicates containing lithium require addition 
of gypsum to produce this reaction, or, better still, gypsum and pure fluor- 
spar in the proportion 2:1. Lithium phosphate will tinge the flame 
carmine-red if the fused bead is moistened with hydrochloric acid. The 
sodium coloration conceals that of lithium. In presence of sodium, 
therefore, the lithium tint must be viewed through a blue glass, or through 
a thin layer of indigo solution. Presence of a small proportion of potas- 
sium will not conceal the lithium coloration. In presence of a large 
proportion of potassium, the lithium may be detected by placing the sub- 
stance in the fusing zone, viewing the colored flame through the indigo 
prism, and companng it with a pure potassium flame produced in the 
opposite part of the fusing zone. Viewed through thin layers, the lithium 
colored flame now appears redder than the pure potassium flame ; viewed 
through somewhat thicker layers, the flames appear at last equally red, if 
the proportion of the lithium to the potassium is only trifling ; but when 
lithium predominates in the sample examined, the intensity ot the red col- 
oration imparted by lithium decreases perceptibly when viewed through 
thicker layers, while the pure potassium flame is scarcely impaired 
thereby. By this means, lithium may be detected in potassium salts, even 
though present only in the proportion of one part in several thousand 
parts of the latter. Unless present in very large quantities, sodium inter- 
feres but little with these reactions (Oaetmell, Bunsen). 

The litJmm spectrum (Plate I) is most brilliantly characterized by the 
splendid carmine-red line a and the very faint, orange-yellow line fi. The 
flame of a Bunsen burner yields only these two lines, but if lithium chloride 
is introduced into a hydrogen flame, a dull blue line is perceptible, which 
becomes brilliant if the oxyhydrogen flame is used. Its position nearly 
coincides with the weaker of the two blue lines of caesium (Tyndall, 
Frankland). If alcohol is poured over lithium chloride and then ignited, 
the flame also shows a carmine-red tint. Presence of sodium salts will 
mask this reaction. 

Ooncemlng the deteotioTi of lithium by microchemical methods, com- 
pare Hadshober, p. 89; and Behrkns, Zeitschr. f. analyt. Ohem., 30, 186. 


To detect «Tn<i.l1 quantities of osssium, rubidium, and lithium, in pres- 
ence of very large quantities of sodium or potassium, as is necessary, for 
avnmpift, in tho auslysis of mineral waters, extract the dry chlorides, with 
addition of a few drops of hydrochloric acid, with alcohol of 90 per cent, 
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whioh leaves behind the far larger portion of the sodium and potas- 
sium chlorides. Evaporate the solution to dryness, dissolve the residue 
in very little water, and precipitate with hydrochloroplatinic acid. Filter 
off the precipitate, boil it repeatedly with small quantities of water to 
remove the potassium platinic chloride present, and in the course of 
this process examine repeatedly by the spectroscope. For this purpose 
place a slight amount of the precipitate upon a small piece of moistened 
filter-paper, wind a very fine platinum wire about the folded paper, car- 
bonize it at the top of the flame, avoiding too high a temperature, and then 
place the sample in the fusing zone of the flame, which is in front of the 
slit of the spectroscope. The potassium spectrum will now be found to 
grow fainter and fainter, while the spectra of rubidium and caesium will 
become visible, if these metals are present. Evaporate to dryness the 
fluid filtered from the platinum precipitate, with the addition of some 
oxalic acid, ignite the residue gently to decompose the sodium platmio 
chloride and the excess of hydrochloroplatinic acid, moisten with hydro- 
chloric acid, drive off the acid again, and finally extract the lithium chloride 
with a mixture of absolute alcohol and ether. The evaporation of the 
solution obtained leaves the lithium chloride behind m a state of almost 
perfect purity, and it may then be further examined and tested. Before 
concluding from the simple coloration of the flame, that lithium is present , 
it is advisable, m order to guard against the chance of error, to test a 
portion of the residue, dissolved in water, with sulphuric acid and alcohol, 
to make sure that strontium or calcium is not present. The addition of 
hydrochloric acid, which is repeatedly presenbed m the above process to 
precede the extraction of the lithium chloride with alcohol, is necessary, for 
the reason that lithium chlonde, even by moderate ignition, is converted 
by the action of aqueous vapor into lithium hydroxide, which then attracts 
carbonic acid, forming lithium carbonate, which is insoluble in alcohol. 
Lithium chloride can be separated from considerable amounts of sodium 
and potassium chlorides by adding fuming hydrochloric acid to the con- 
centrated solution of the salts, and pouring off the solution containing 
lithium chloride and small amounts of the other chlorides from the sepa- 
rated potassium and sodium chlorides. 


§ 99 . 


SBOOND &BOTnP. 

Babich, Stbonttoh, Oaloidi^ Maqnesich. 

Properties of the Ghm/p . — The oxides of the metals of this 
group, the alkali earths, unite with water to form hydroxides 
which are more or less soluble in that b'quid. Magnesium 
oxide and hydroxide, however, dissolve but very sparingly in 
water. The solutions manifest alkaline reaction, which in the 
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case of magnesia is most clearly apparent when that earth is 
laid upon moistened test-paper. The neutral carbonates and 
phosphates of the alkali-earth metals are insoluble in water. 
The solutions of their salts are therefore precipitated, even in 
dilute solution, by carbonates and phosphates of the alkali 
metals. This property distinguishes the metals of the second 
group from those of the first. From the metals of the follow- 
ing groups, they are distinguished by the solutions being pre- 
cipitated neither by hydrogen sulphide nor by ammonium 
sulphide. The alkali earths and the salts of their metals are 
white or colorless (if the acid radical of the salt does not im- 
part a color to it), and not volatile at a moderate red heat. 
The solutions of the nitrates and chlorides of this group are 
not precipitated by barium carbonate. 


Special Seactions. 

§ 100 . 

a, Baridm, Ba. {Oxide, BaO.) 

1. Barium Htdboxede, Ba(OH),, is readily soluble in hot 
water, but rather sparingly so in cold water. It dissolves 
ireely in dilute hydrochloric or nitric acid. It fuses at 
a red heat without losing water, but upon stronger ignition 
the water is lost (BstraELMAiiN). 

2. Most of the babium salts are insoluble in water. The 
soluble salts do not affect vegetable colors, and with the 
exception of chloride, bromide, and iodide of barium, are de- 
composed upon ignition in a glass tube. The insoluble salts 
dissolve in dilute hydrochloric acid, except barium sulphate 
and barium silicofiuoride. Barium ohlobide and nttbate are 
almost insoluble in alcohol, insoluble in a mixture of equal 
parts of absolute alcohol and ether, and do not deliquesce in 
the air. Concentrated solutions of barium salts are precipi^ 
tated by hydrochloric or nitric acid added in large propor- 
tions, as barium choride and nitrate are not soluble in the 
xsoncentrated aqueous solutions of these acids. 

3. Ammmia produces no precipitate in aqueous solutions 
ol barium salts. From highly concentrated solutions only, 
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potassitm or sodium hydroxide (free from carbonic acid) pre- 
cipitate crystals of barium hydroxide, Ba(OH),.8HaO, which 
redissolve in water. 

4. Soluble carbonates throw down barium carbonate, BaOO, , 
in the form of a white precipitate. If the solution was pre- 
viously acid, complete precipitation takes place only upon 
heating the fluid. In ammonium chloride, the precipitate is 
soluble to a trifling, yet clearly perceptible, extent, and there- 
fore ammonium carbonate produces no precipitate in very 
dilute barium solutions containing much ammonium chloride. 

6. Sulphuric add and all the soluble sulphates, more 
particularly solution of calcium sulphate, produce, even in very 
dilute solutions, a heavy, finely pulverulent, white precipitate 
of BARIUM SULPHATE, BaSO^. This is generally formed im- 
mediately upon the addition of the reagent, but from highly 
dilute solutions, especially when strongly acid, it separates 
only after some time. The precipitate is insoluble in alkalies, 
nearly so in dilute acids, but perceptibly soluble in con- 
centrated hydrochloric and nitric acids, especially upon 
heating, as well as in concentrated solutions of ammonium, 
potassium, sodium, calcium, and magnesium salts. The 
solvent action of the acids and also of the salts is counter-^ 
acted, or at least very much diminished, if sulphuric acid 
or a sulphate is present in considerable excess. Bather 
large quantities of calcium chloride may completely prevent 
the precipitation of small amounts of barium by means of 
calcium sulphate (LtiDEKiNa *). 

6. HydrofluosUidc acid throws down barium shioofluor- 
IDE, BaSiF, , in the form of a colorless, crystalline, quickly 
subsiding precipitate. In dilute solutions, this precipitate is 
formed only after the lapse of some time. Very dilute solu- 
tions are not precipitated, for barium silicofluoride is not 
entirely insoluble in water. With the addition of an equal 
volume of alcohol, the precipitation takes place quickly, and 
so completely that the filtrate remains clear upon the addi- 
tion of sulphuric acid. Hydrochloric and nitric acids and 
ammonium salts increase its solubility in water as well as 
in alcohol. 


* Zeitachr. f. analyt. Chem., 29 , 556. 
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7. In neutral or alkaline solutions, sodium phosphate pro- 
duces a white precipitate of hydbooen babium phosphate, 
HBaPO^ , which is soluble in free acids. Addition of ammonia 
only slightly increases the quantity of this precipitate, a 
portion of which is converted into barium phosphate, 
Ba 3 (PO Ja , in this process. Ammonium chloride dissolves 
the precipitate to a clearly perceptible extent. 

8. In moderately dilute solutions, ammonium oxalate pro- 
duces a white, pulverulent precipitate of babium oxalate, 
BaCaO^-HjO, which is soluble in hydrochloric and nitric acids. 
When recently thrown down, this precipitate also dissolves 
in oxalic and acetic acids, but the solutions speedDy deposit 
acid barium oxalate, Hj,Ba( 0 ,O 4 )a. 2 E[aO, iu the form of a crys- 
talline powder. 

9. Potassium chromate and dichromate produce a bright 
yellow precipitate of barium chromate, BaOrO*, even in very 
dilute solutions of barium salts. This is very difficultly sol- 
uble in cold water, somewhat more readily in boiling water, 
while ammonium salts increase its solubility very noticeably. 
But all these conditions of solubility are completely changed 
when potassium chromate is added in excess in making the 
precipitation, so that in the case of acid solutions, no free 
acid is present, but in the place of this, potassium dichromate 
is formed. Under these conditions, the precipitation of barium 
is complete. Hydrochloric or nitric acid dissolves barium 
chromate, and ammonia precipitates it again from the reddish- 
yellow solution. 

10. Soluble barium salts, when triturated and heated with 
dilute alcoholy give to its flame a geeenish-ybllow oolob. 

11. If barium salts are held on the loop of a platinum 
wire in the fusing zone of the Bunsen gas Jlame^ the part of 
the flame above the sample is colored lELLOWiSH-aBBEN ; or if 
the barium salts are held in the inner (alcohol) Uowpipe flame, 
the same coloration is imparted to the part of the flame 
beyond the sample. With the soluble barium salts, and also 
with barium carbonate and sulphate, the reaction is immediate 
or takes place very soon. The phosphate, however, requires 
previous moistening of the sample with sulphuric or hydro- 
chloric acid, by which means barium may be detected by 
the flame coloration in silicates decomposable by acids.. 



IdO DEPORTMENT OF BODIES WITH REAGENTS. [§ 101. 

Silicates whicli hydrochloric acid fails to decompose must 
be fused with sodium carbonate, when the barium carbonate 
produced will show the reaction. It is characteristic of the 
yellowish-green barium coloration of the flame that it appears 
bluish-green when viewed through the green glass. If the 
sulphates are used for the experiment, presence of calcium 
and strontium will not interfere with the reaction. The 
barium spectrum is shown in Plate I. The green lines ol and 
are the most intense ; y is less marked, but still character- 
istic. Since platinum wire sometimes contains barium (Keaut), 
it is well to find first whether it will give a barium spectrum 
by itself. 

12. Barium sulphate is not, or, more correctly, scarcely at 
all, decomposed by cold solutions of the bicarhoruites of tlis 
aUccdi metals or of ctmmoruivm carhomte. It behaves in the 
same way with a boiling solution of 1 part of potassium carhoTin 
ate and 3 parts of potassium sulphate, but its behavior towards 
all these reagents is essentially different when strontium sul- 
phate or calcium sulphate is mixed with it (see p. 162). 
Bepeated action of boiling solution of sodium or potassium 
carbonate upon barium sulphate succeeds in the end in com- 
pletely decomposing that salt. Barium sulphate is readily 
decomposed by fusion with sodium carbonate, with the for- 
mation of sodium sulphate, which is soluble in water, and of 
barium carbonate, insoluble in that liquid. 


§ 101 . 

i. Strontium, Sr. {Oxide, SrO.) 

1. Steonttdm HYDROXIDE and the strontium sadts have 
nearly the same general properties and reactions as the 
corresponding barium compounds. Strontium hydroxide is 
more sparingly soluble in water than barium hydroxide, and 
it loses its water only upon strong ignition. Strontium ohlo- 
BIDE dissolves in absolute alcohol and deliquesces in moist air. 
Strontium nitrate is almost insoluble in absolute alcohol, and 
is insoluble in a mixture of equal volumes of absolute dlcohdl 
and ether. Strontium nitrate does not deliquesce in the air. 
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2. With, ammonia^ potassium hydroxide^ sodium hydroxide^ 
also 'with the olkcdi ca/rbovuiteSf and with sodium phosphate^ the 
strontium salts show nearly the same reactions as the barium 
salts. In ammonium chloride, strontium carbonate dissolves 
to a less marked degree than barium carbonate. 

3. Svlphurixi adds and svlphcdes throw down stbonttdm suii- 
PHATE, SrSO^, in the form of a white precipitate. When 
thrown down from concentrated solutions, it is at first floe- 
culent and amorphous, afterwards pulverulent and crystalline ; 
but from dilute solutions, it is immediately pulverulent and 
crystalline. Application of heat promotes the precipitation. 
Strontium sulphate is less insoluble in water than barium 
sulphate ; hence it separates from rather dilute solutions only 
after some time. Caldum sulphate solution causes no imme- 
diate precipitation except in very concentrated, and especially 
in hot, strontium solutions; yet it precipitates more dilute 
.solutions after some time. Potassium, sodium, calcium, and 
magnesium salts increase the solubility of strontium sul- 
phate, so that, for example, strontium cannot be precipitated 
by calcium sulphate solution in the presence of much cal- 
cium chloride (Ludeking). In Hydrochloric and nitric acids, 
strontium sulphate dissolves perceptibly. Presence of large 
quantities of these acids will accordingly most seriously im- 
pair the delicacy of the reaction. An excess of sulphuric 
acid tends to counteract the solvent action of acids and salts. 
Strontium sulphate is insoluble in alcohol, so that the addi- 
tion of the latter promotes its precipitation very greatly. 
Strontium sulphate does not dissolve in a concentrated solu- 
tion of ammonium sulphate, even by boiling, but if mixed 
with calcium sulphate, it dissolves with the latter to a marked 
degree in this reagent. 

4. Hydrofimsdido add fails to produce a precipitate, even 
in rather concentrated solutions of strontium salts, because 
strontium siliooiTiUOBIDE, SrSiP^, is moderately soluble in 
cold water. Hot water dissolves it somewhat less easily. It 
dissolves in small amount in dilute alcohol, bijt the stronger 
the alcohol the less readily it dissolves. Hydrochloric acid 
greatly increases the solubility of the salt in water, and also 
in alcohol, but to a somewhat less degree. 

6. Even from rather dilute solutions, ammonium ooGodaie 



162 DEPOBTMENT OF BODIES WITH KEAGENT8. 101. 

precipitates stbontidii oxaiate, 2SrO,04.6H,0, in the form of 
a white powder, which dissolves readily in hydrochloric and 
nitric acids, and perceptibly in ammonium salts, but is only 
sparingly soluble in oxalic and acetic acids. 

6. Potassium dichromaie does not precipitate solutions of 
salts of strontium, even when they are concentrated. Potas- 
sium chromate at first produces no precipitate, but on long 
standing, if the solution is neutral and not very dilute, bright 
yellow STBOimuM OHBOMA.TE, SrOrO,, is precipitated in a crys- 
talline condition. This does not take place, however, in solu- 
tions acidified with acetic acid. The precipitate (Ussolves 
rather difficfdtly in pure water, more abundantly in water 
containing acetic acid or ammonium salts, but hydrochloric, 
nitric, and chromic acids dissolve it easily. None of these 
solutions are precipitated by the addition of potassium chro- 
mate in excess. Alcohol does not dissolve strontium chro- 
mate, and even dilute alcohol scarcely dissolves it at all. 
Neutral solutions of strontium salts to which potassium chro- 
mate is added are therefore precipitated by the addition of 
even small amounts of alcohol. Warming to 70® facilitates 

the precipitation. ' 

7. If strontium salts which are soluble in water or alcohol 
are heated with dilute aloohol, and the latter is ignited, they 
impart to the flame, especially upon stirring, an intense 

OABMINB-EED OOLOB. 

8. If a strontium salt is held in the fusing zone of the 
Bunsen gas flame, or in the inner alcohol tlowpipe Jla/me, an 
INTENSELY BED OOLOB is imparted to the flame. The reaction 
is most distinct with strontium chloride, less clear with the 
hydroxide and carbonate, fainter still with the sulphate, 
and scarcely appears with strontium salts of fixed acids. 
Therefore, after its first exposure to the flame, the sample is 
moistened with hydrochloric acid, and again thus exposed. 
If strontium sulphate is likely to be present, the sample is 
first exposed a short time to the reducing flame (to produce 
strontium sulphide), before it is moistened with hydrochloric 
acid. Yiewed through the Uva glass, the strontium flame 
appears purple or rose (difference between strontium and 
calcium, the latter showing a faint greenish-gray color when 
treated in this manner). This reaction also is most clearly 
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apparent if the sample is moistened with hydrochloric acid 
when brought into the flame. In presence of barium, the 
strontium reaction shows only upon the first introduction 
into the flame of the sample moistened with hydrochloric 
acid. The strontium spectrum is shown in Plate L It con- 
tains a number of characteristic lines, more especially the 
orauge line or, the red lines (3 and and the blue line d, the 
latter being more particularly suited for the detection of 
strontium in presence of barium and calcium. 

9. Strontium sulphate is completely decomposed by di- 
gestion with solution of sodium or potassium carbonate. It 
is also decomposed even by digestion with solutions of ammo^ 
nium carbonate or of alkali-metal bicarbonates^ but much more 
rapidly by boiling with a solution of 1 part of potassium car- 
bonate o/nd 3 parts of potassium sulphite. Its decomposition 
by ammonium carbonate, by the alkaline bicarbonates, and 
also by potassium carbonate and sulphate is, however, not 
complete when it is mixed with barium sulphate ; for in 
presence of the latter, a certain amount of strontium sulphate 
always remains undecomposed. 

§ 102 . 

c. Caloium, Oa. {Oxide, Lime, OaO.) 

1. Oaloium oxide (quicklime), oaloium htdeoxide (slaked 
lime), and oaxoium salts, in their general properties and re- 
actions, present a great similarity to the corresponding barium 
and strontium compounds. Calcium hydroxide is far more 
difficultly soluble in water than the barium and strontium 
hydroxides, and dissolves more sparingly in hot than in cold 
water. Oaloium hydroxide loses its water upon ignition. 
Oaloium: ohloeide and niteate are soluble in absolute alcohol, 
and also in a mixture of equal volumes of cdcohol and ether, 
and deliquesce in the air. 

2. Ammonia^ potassium hydroxide, sodium hydroxide, cdkah 
carbonates, and sodium phosphate show nearly the same reac- 
tions with calcium as with barium salts. Beoently precipitated 
OALOIUM OABBONATE, OaOO, , is bulky and amorphous, but after 
a time, or immediately upon the application of heat, it shrinks 
and assumes a crystalline form. Eecently precipitated calcium 
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carbonate dissolves somewhat readily in solution of ammo- 
nium chloride ; but the solution speedily becomes turbid, and 
deposits the greater part of the dissolved salt in a crystalline 
form, 

3. In highly concentrated solutions, sulphuric ckM and 
sodium sulphate immediately produce white precipitates of 
CALCIUM SULPHATE, CaS0^.2Ha0, which redissolve completely 
in a large proportion of water, and are far more soluble in 
acids. In less concentrated solutions, the precipitates are 
formed only after the lapse of some time, and no precipita- 
tion whatever takes place in dilute solutions. Solutions of 
calcium sulphate, of course, cannot produce a precipitate in 
calcium salts ; but even a cold saturated solution of potas- 
sium sulphate, mixed with 3 parts of water, produces a pre- 
cipitate only after standing from twelve to twenty-four hours. 
In solutions of calcium salts which are so very dilute that 
sulphuric acid has no apparent action on them, a precipitate 
will form upon addition of 2 volumes of alcohol, either 
immediately or after the lapse of some time. Calcium sul- 
phate dissolves in a large amount of a concentrated solution 
of ammonium sulphate, but this takes place completely only 
when it is not mixed with barium or strontium sulphate. 

4. HydrofluosUicic acid does not precipitate calcium salts, 
even when an equal volume of alcohol is added. 

6. Ammonium oxalate produces a white, pulverulent pre- 
cipitate of OALOIUM OXALATK If the Cuids are in any degree 
concentrated or hot, the precipitate, OaOjO^.HjjO, forms at 
once ; but if they are very dilute and cold, it forms only after 
some time, in the latter case being more distinctly crys- 
talline and consisting of a mixture of the above salt with. 
Ca0,0^.3H,0. Calcium oxalate dissolves readily in hydro- 
chloric and nitric acMs, but acetic and oxalic acids fail to- 
dissolve it to any considerable extent. 

6. Potassium chromate produces no precipitate at first, even- 
in very concentrated solutions of calcium salts. Only after 
long standing does oaloium chromate, CaCr0,.2Hj,0, separate 
as a yellow, crystalline precipitate. Solutions which are 
at all dilute do not give a precipitate, but if 2 or 3 volumes, 
of alcohol are added, an immediate precipitation follows in 
solutions which are not extremely dilute. Calcium solutions 
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containing free acetic acid are not precipitated, even upon the 
addition of alcohol. Potassium dichromate does not precipi- 
tate even very concentrated solutions. 

7. Soluble calcium salts when heated with aqueous alcohol 
impart to its flame a vxIlLOWISE-bed color, which may be mis- 
taken for that produced by strontium. 

8. If calcium salts are held in the fusing zone of the Btw- 
SEIT gas flame, or in the inner alcohol Uoiopipe flame, they impart 
to the flame a tellowish-bed color. This reaction is most 
distinct with calcium chloride, while calcium sulphate shows it 
only after its incipient decomposition, and calcium carbonate 
most distinctly after the escape of the carbonic acid. Com- 
pounds of calcium with fixed acids do not color flame, but 
those which are decomposed by hydrochloric acid will show 
the reaction after being moistened with that acid. In such 
cases, the reaction is promoted by flattening the loop of the 
platinum wire, placing a small portion of the calcium com- 
pound upon it, letting it frit, adding a drop of hydrochloric 
acid, which remains hanging to the loop, and then thrusting 
the latter in the fusing zone. The reaction appears most 
distinctly at the instant when the drop disappears, having, 
evaporated without boiling as in Lmdekebost’s phenomenon 
(Bunsen). Yiewed through green glass, the calcium color- 
ation of the flame appears siskin-green on bringing the sample 
moistened with hydrochloric acid into the flame (difference 
between calcium and strontium, the latter substance under 
similar circumstances showing a very faint yellow (Mebz). In 
presence of barium, the calcium reaction shows only upon 
the first introduction of the sample into the flame. The cah 
dim ^pectnm is shown in Plate I. The intensely green 
line jS is particularly characteristic, also the intense orange 
hne oc. It requires a very good apparatus to show the indigo- 
blue line to the right of in the solar spectrum, as this is 
much less luminous than the others. 

9. With oarhonalea and acid carhoncdes of the dlTedies, also 
with a solution of potasdim carbonate and sidphate, calcium 
sulphate shows the same behavior as strontium sulphate. 
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§ 103. 

Magnesium, Mg. {Oxide^ Magnesia, MgO.) 

1. Magnesium is silver- white, hard, malleable, of 1.743 sp. 
gr. It melts at a moderate red heat, and volatilizes at a white 
heat. When ignited in the air, it burns with a dazzling white 
flame to magnesium oxide. It preserves its luster in dry air, 
but gradually becomes coated with hydroxide when exposed 
to moist air. Pure water is not decomposed by magnesium 
at the ordinary temperature, but in water acidulated with 
hydrochloric or sulphuric acid, magnesium dissolves rapidly 
with evolution of hydrogen. 

2. Magnesium oxide andniDEOXiDE are white powders of far 
greater bulk than the other oxides and hydroxides of this 
group, and are nearly insoluble in both cold and hot water. 
The hydroxide loses its water upon ignition. 

3. Some of the salts of magnesium are soluble in water, 
while others are insoluble in that fluid. The soluble salts 
have a nauseous, bitter taste, and the normal salts do not 
alter vegetable colors. With the exception of the sulphate, 
they undergo decomposition when gentljr ignited, and the 
greaiTer part of them, even upon simple evaporation of their 
solutions. Magnesium sulphate loses its acid at a white 
heat. Nearly all the magnesium salts which are insoluble 
in water dissolve readily in hydrochloric acid, 

4. Ammorda throws down from the solutions of normal 
■salts part of the magnesium as hydeoxide, Mg(OH )3 , in the 
form of a white, bulky precipitate. The rest of the magnesium 
Temains in solution as a double salt, i.e., in combination with 
the ammonium salt which is formed by the reaction. It is 
owing to this tendency of magnesium salts to form such 
double salts with ammonium compounds that ammonia fails 
to precipitate them in presence of a sufficient proportion of 
an ammonium salt with neutral reaction ; or, what amounts 
to the same thing, that ammonia produces no precipitate in 
solutions of magnesium containing a sufficient quantity of 
free acid, and that precipitates produced by ammonia in 
neutral solutions of magnesium are redissolved upon the 
addition of ammonium chloride. It should be borne in mind 
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that in solutions containing onlj 1 equivalent of an ammonium 
salt (ammonium chloride or sulphate) to 1 equivalent of 
magnesium salt, although no precipitate is produced bj the 
addition of a slight excess of ammonia, a portion of the 
magnesium is, however, thrown down on the addition of a 
large excess of ammonia. 

6. Potassitm, sodiwn, barium, and calcium Jiydroxidea 
throw down iiAOKEsnm eydboxide. The separation of this 
precipitate is greatly promoted by boiling the mixture. Am- 
monium chloride and similar ammonium salts redissolve the 
washed hydroxide. If the ammonium salts are added in 
sufficient quantity to the magnesium solution before the 
addition of the precipitant, small quantities of the latter fail 
altogether to produce a precipitate. However, upon boiling 
the solution afterwards with an excess of potassium or 
sodium hydroxide, the precipitate will, of course, make its 
appearance, since this process causes the decomposition of 
the ammonium salt, thus removing the agent which retains 
the magnesium hydroxide in solution. It should be remem- 
bered that magnesium hydroxide is more soluble in solutions 
of potassium chloride, sodium chloride, potassium sulphate, 
and sodium sulphate, than in water, and on this account, its 
precipitation is less complete when these salts are present 
in large quantities. From such solutions, however, the mag- 
nesium is thrown down, for the most part, by an excess of 
solution of potassium or sodium hydroxide. 

6. Fotagsium carbonate and sodium carbonate produce in 
neutral solutions a white precipitate of basic magnesium: oae- 
BONATB, 4M:gOO,.Mg(OH),.fljH,0. One fifth of the carbonic 
acid of the decomposed alkali carbonate is liberated in the 
process, and combines with a portion of the magnesium car- 
loonate to form bicarbonate, which remains in solution. This 
acid carbonate is decomposed by boiling, and an additional 
precipitate formed, consisting of Mg00,.3H,O, while carbon 
dioxide escapes. Application of heat, therefore, promotes the 
.separation, and increases the quantity of the precipitate. 
Ammonium chloride and other similar ammonium salts, when 
present in sufficient quantity, prevent this precipitation also, 
and readily redissolve the precipitates after they have been 
washed. 
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7. If magnesium solutions are mixed with aTn/nuynAwni (xj/r- 
honate, the liquid always remains clear at first; but after 
standing, it deposits a crystalline precipitate, more or less, 
quickly according to the concentration of the solution. 
When the ammonium carbonate is in slight excess, the pre- 
cipitate consists of magnesium carbonate, MgOO,.3H,0 ; but 
when the ammonium carbonate is in large excess, it consists 
of AMMONIUM MAGNESIUM OABBONATE, (NH,),Mg(00,),.4H,0. 
In highly dilute solutions, this precipitate will not form. 
Addition of ammonia and of excess of ammonium carbonate 
promotes its separation. Ammonium chloride prevents the 
formation of the precipitate, except in concentrated solutions, 

8. Sodium ’phosphate precipitates from magnesium solu- 
tions, if not too dilute, hydbogbn magnesium phosphate, 
HMgP0*.7H,0, as a white powder. Upon boiling, magne- 
sium phosphate, Mg.(P0J,.7H,0, separates even from 
rather dilute solutions. But if the addition of the precipitant 
is preceded by that of ammonium cMoride and ammonia, a. 
white, crystalline precipitate of ammonium magnesium phos- 
phate, NH^MgPO^.fiHjO, will separate even from very dilute- 
solutions. Its formation in dilute solutions may be greatly 
promoted and accelerated by stirring with a glass rod, and 
should the solution be so extremely dilute as to forbid the 
formation of a precipitate, yet the lines of direction in which 
the glass rod has moved along the inside of the vessel will, 
after the lapse of some time, appear distinctly as white streaks, 
(soluble in hydrochloric acid). Water and solutions of am- 
monium salts dissolve the precipitate but very slightly, yet 
it is readily soluble in acids, even in acetic acid. In water 
containing ammonia, it may be -considered practically in- 
soluble. Instead of hydrogen sodium phosphate, hydrogen, 
sodium ammonium phosphate is a very good reagent to use. 

9. Ammonium oaxdate produces no precipitate in highly 
dilute solutions of magnesium salts. In less dilute solutions,, 
no precipitate is formed at first, but after standing some time, 
crystalline crusts of various dotMe oxcdaiea of ammonium and 
magnesium make their appearance. In highly concentrated 
solutions, ammonium oxalate very speedily produces precipi- 
tates of magnesium oxalate, Mg0,0,.2H,0, which contain 
small quantities of the double salts previously mentioned. 
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Anunonium chloride, especially in presence of free ammonia, 
interferes with the formation of these precipitates^ but in 
general will not absolutely prevent it. 

10. Svlphuric (xddf hydrqfluosUioic add, and potassivm cTira 
mate do not precipitate salts of magnesium. 

11. Salts of magnesium do not color flames. 

§104. 

JSecapitulation arid Hemarks. — The difficult solubilify of 
magnesium hydroxide, the ready solubility of the sulphate 
(unless present in the natural form, i.e., as kieserite, which 
contains one molecule of water), and the disposition of mag- 
nesium salts to form double salts with ammonium compounds, 
are the three principal points in which magnesium differs 
from the other alkali-earth metals. To detect magnesium in 
solutions containing all the alkali-earth metals, we ^ways first 
remove the barium, strontium, and calcium. This is effected 
most conveniently by means of ammonium carbonate, with 
addition of some ammonia and ammonium chloride, and 
application of heat ; since by this process, the barium, sti’on- 
tium, and calcium are obtained in a form of combination 
suited for further examination. If the solutions are some- 
what dilute, and the precipitated fluid is filtered after about 
an hour, the carbonates of barium, strontium, and calcium 
are obtained on the filter, while all the magnesium is found in 
the filtrate. But as ammonium chloride dissolves a little 
barium carbonate, and also a little calcium carbonate, though 
much less of the latter than of the former, trifling quantities 
of these metals are found in the filtrate. Moreover, where 
only traces of them are present, they may remain wholly in 
solution. In accurate experiments, therefore, the complete 
separation is effected in the following way : Divide the filtrate 
into three portions, test one portion with a few drops of dilute 
sulphuric acid for the trace of barium which it may contain, 
and another portion with ammonium oxalate for the minute 
trace of calcium which may have remained in solution. If the 
two reagents produce no turbidity, even after some time, test 
the third portion with sodium phosphate and ammonia for 
MAGNESIUM. If, however, one of the reagents causes turbidity. 
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filter off the gradually subsiding precipitate, and test the fiL 
trate for magnesium. Should both reagents produce precipi- 
tates, mix the first two portions together, which in any case 
must still be alkaline, filter after some time, and then test 
the filtrate for magnesium. To make sure that the precipitate 
thrown down by ammonium oxalate is actually calcium oxa- 
late, and not, as it might be, oxalate of ammonium and mag* 
uesium, dissolve it in a very little hydrochloric acid, and add 
dilute sulphuric acid, and then alcohol. 

To show the presence of barium, strontium, and calcium 
in the precipitate produced by ammonium .carbonate, dissolve 
the precipitate in an exactly sufficient amount of dilute nitric 
acid, evaporate the solution in a small porcelain dish to dry- 
ness, heat this upon an iron plate for 10 or 15 minutes rather 
strongly (the temperature may rise to 180° without injury) 
until the residue no longer has an odor of nitric acid, and a 
cold glass plate, placed upon the dish for a few seconds, no 
longer shows a coating of moisture. Triturate the contents 
of the dish immediately after cooling, at first dry, then after 
the addition of about 6 to 10 cc of a mixture of equal 
volumes of absolute alcohol and ether. Filter the solution 
after a few minutes, and wash the residue four times with 
small quantities of the ether-alcohol mixture. The residue 
now contains the barium and strontium nitrates, to which a 
small amount of calcium nitrate may still adhere ; while the 
filtrate contains the calcium nitrate, with which there may be 
a slight trace of strontium nitrate if the operation has not 
been performed with sufficient care. 

Add 2 drops of dilute sulphuric acid to the ether-alco- 
hol solution. If a considerable amount of precipitate results, 
this must be calcium sulphate, and it is unnecessary to test 
further for calcium. If, however, the precipitate should be 
very small, it might originate from the traces of strontium 
which had possibly gone into the ether-alcohol solution. In 
this case, therefore, add about 4 cc of water to the solu- 
tion, evaporate off the ether and alcohol, add a few drops of 
ammonia and about 1 g of solid ammonium sulphate, heat 
to boiling, filter through a small filter, add to the filtrate 
a drop of acetic acid, so that it just reddens litmus-paper, 
then a few drops of ammonium oxalate. If oalcutbi is present, 
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a precipitate of calcium oxalate is formed immediately, or, if 
only very small amounts are present, after standing for some 
time. Any error on account of the very small amount of 
strontium possibly present is excluded, because the traces of 
strontium sulphate which dissolve in a concentrated solution 
of ammonium sulphate are not precipitated by ammonium 
oxalate in the presence of a little free acetic acid. 

Dissolve the barium and strontium nitrates with the aid 
of heat in 70 to 100 parts of water, filter if necessary, acidify 
with 3 or 4 drops of acetic acid, heat to boiling, add gradu- 
ally potassium chromate until the solution shows a yellow 
color, and boil up once more. If an odor of acetic acid 
then appears, add some more potassium chromate. If barium 
is present, a bright yellow precipitate appears at once, or if 
only very small amounts are present, after^*«tending a short 
time. Let it stand for about an hour, filtey,"^d add some 
ammonia to a portion of the filtrate, then addVaxdEiljAonium car- 
bonate. If a considerable amount of precipitalje xsesults, this 
can only be strontium carbonate, and^i^is unneo^s^ry, there- 
fore, to make further tests for stronl^m. If, on the other 
hand, no precipitate or only a very sajiU one is produced, 
add 1 or 2 drops of nitric acid to tfi^jnain part of the 
filtrate, concentrate to 10 or 20 cc, and'^en ammonia 
and ammonium carbonate. If no precipitate is now found, 
strontium is not present ; but if there is a small ^precipitate, 
this may be strontium, but it may possibly be due^ to traces 
of calcium which are still present here. Filtenbfi the smat\ 
precipitate, wash it, dissolve it in a few drops o^j^ut^^ydiro- 
chloric acid, and evaporate the solution to dryneskj^ Dissolve 
the small residue of neutral chloride or chlorides or 2 co^ 
of a mixture of 3 parts of water and 1 part of alcol^gl (which 
should be kept on hand), add a drop of potassium i^romate 
solution, and heat until boiling just begins. If strontium: is 
present, a finely divided, yellow precipitate of strontium chro- 
mate separates immediately or after standing a short time in 
a warm place (W. Ebesenius and E. Euppebt). 

The separation is accomplished just as well but less 
simply as follows : Dissolve the precipitate consisting of ba- 
rium, strontium, and calcium carbonates in acetic acid, remove 
most of the excess of this by evaporation, and after addition 
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of water precipitate the barium from the solution, which must 
always contain some free acetic acid, by adding an excess of 
potassium chromate. In order to effect a good separation of 
strontium from calcium, it is then necessary to precipitate 
both these metals with ammonium carbonate, to convert the 
carbonates into dry nitrates, and to separate these with ether- 
alcohol, thus making the whole process less simple than the 
previous one. 

For the detection of small amounts of calcium in the 
presence of large amounts of barium and strontium, the fol- 
lowing method can also be used r Precipitate the solution, to 
which some hydrochloric acid is added, while hot with dilute 
sulphuric acid, filter off the precipitate, first make the filtrate 
anrg.liTiA with ammouia, then acidify it with acetic acid and 
add ammonium oxalate. A resulting precipitate, often 
formed only after long standing, shows the presence of cal- 
cium, because the traces of strontium sulphate which have 
remained in solution upon its precipitation with sulphuric 
acid are not precipitated by ammonium oxalate from the 
solution containing some free acetic acid. 

The methods formerly practised for the separation of 
barium, strontium, and calcium, or for the recognition of one 
of these metals in the presence of another, being based 
upon the varying deportment of the solutions of their salts to 
c^cium sulphate solution, upon the separation of the dry 
chlorides by alcohol, and upon the separation of strontium 
and calcium sulphates by ammonium sulphate, are much less 
■exact than those described, as is already evident from what 
has been stated in relation to the reactions of the separate 
metals. The separation of barium from strontium, which is 
based upon the varying deportment of the sulphates to a 
solution of ammonium carbonate or to a mixture of potassium 
carbonate and sulphate, is also not to be recommended, since 
in the predominance of barium sulphate, a portion of the 
strontium sulphate remains undecomposed, while in the pre- 
dominance of strontium sulphate, barium sulphate is also 
converted into carbonate. The separation of barium from 
calcium succeeds better upon this basis, but even this is not 
fully exact. 

If the sulphates of the alkali-earth metals present them- 
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selves for investigation, the mass is first extracted with small 
quantities of boiling water. The solution contains the whole 
of the magnesium sulphate, if this is not present as kieserite, 
besides a small quantity of calcium sulphate. The residue 
is fused with 4 parts of potassium-sodium carbonate in a 
platinum crucible, the mass is treated with boiling water, and 
the resulting carbonates are filtered and washed. In order 
to detect the alkali-earth metals in their phosphates, it is 
most advantageous to decompose these by means of ferric 
chloride with the addition of sodium acetate (see Section III, 
under phosphoric acid). They are detected in their oxalates 
after changing them by ignition into carbonates. The fluor- 
ides and silicofluorides of the alkali-earth metals are first 
'Converted into sulphates by heating with concentrated sul- 
phuric acid. 

The detection of barium, strontium, and oalcinm by the wet 
way, as above described, is somewhat tedious, but it gives an 
approximate idea of the relative quantities. By means of the 
spectroscope, these metals are much more readily detected 
even when aJl three are present together. Accor^ng to the 
nature of the acid, the sample is either introduced into the 
flame directly, or after previous ignition in the reducing 
flame and moistening with hydrochloric acid. To detect 
very minute quantities of barium and strontium in presence 
of large quantities of calcium, ignite a few grams of the 
mixed carbonates for several minutes in a platinum crucible 
strongly over the blast-lamp (whereby barium and stron- 
tium carbonates become caustic much more readily than 
would be the case in the absence of calcium carbonate), 
extract the ignited mass by boiling with a little distilled 
water, filter, evaporate with hydrochloric acid to dryness, 
and examine the residue by specbrum analysis (Enghel- 
baoh). If traces of calcium and strontium are to be 
detected in barium minerals, convert the metals into 
chlorides, extract these with very small amounts of abso- 
lute alcohol, and examine by spectrum analysis the residue 
left upon evaporation. In dealing with the detection of 
traces of calcium and barium in strontium minerals, extract 
the chlorides, first with cold, then with hot alcohol. In 
the first extract, the calcium is to be found ; in the succeed- 
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of water precipitate the barium from the solution, which must 
always contain some free acetic acid, by adding an excess of 
potassium chromate. In order to effect a good separation of 
strontium from calcium, it is then necessary to precipitate 
both these metals with ammonium carbonate, to convert the 
carbonates into dry nitrates, and to separate these with ether- 
alcohol, thus making the whole process less simple than the 
previous one. 

For the detection of small amounts of calcium in the 
-presence of large amounts of barium and strontium, the fol- 
lowing method can also be used : Precipitate the solution, to 
which some hydrochloric acid is added, while hot with dilute 
Bulphuric acid, filter off the precipitate, first make the filtrate 
alkaline with ammonia, then acidify it with acetic acid and 
add ammonium oxalate. A resulting precipitate, often 
formed only after long standing, shows the presence of cal- 
cium, because the traces of strontium sulphate which have 
remained in solution upon its precipitation with sulphuric 
acid are not precipitated by ammonium oxalate from the 
solution containing some free acetic acid. 

The methods formerly practised for the separation of 
barium, strontium, and calcium, or for the recognition of one 
of these metals in the presence of another, being based 
upon the varying deportment of the solutions of their salts to 
calcium sulphate solution, upon the separation of the dry 
chlorides by alcohol, and upon the separation of strontium 
and calcium sulphates by ammonium sulphate, are much less 
•exact than those described, as is already evident from what 
has been stated in relation to the reactions of the separate 
metals. The separation of barium from strontium, which is 
based upon the varying deportment of the sulphates to a 
solution of ammonium carbonate or to a mixture of potassium 
carbonate and sulphate, is also not to be recommended, since 
in the predominance of barium sulphate, a portion of the 
strontium sulphate remains undecomposed, while in the pre- 
dominance of strontium sulphate, barium sulphate is also 
converted into carbonate. The separation of barium from 
calcium succeeds better upon this basis, but even this is not 
fully exact. 

If the sulphates of the alkali-earth metals present them- 
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selves for investigation, the mass is first extracted with small 
q^nantities of boiling water. The solution contains the whole 
of the magnesium sulphate, if this is not present as kieserite, 
besides a small quantity of calcium sulphate. The residue 
Ls fused with 4 parts of potassium-sodium carbonate in a 
platinum crucible, the mass is treated with boiling water, and 
the resulting carbonates are filtered and washed. In order 
to detect the alkali-earth metals in their phosphates, it is 
most advantageous to decompose these by means of feriic 
chloride with the addition of sodium acetate (see Section III, 
under phosphoric acid). They are detected in their oxalates 
after changing them by ignition into carbonates. The fluor- 
ides and silicofluorides of the alkali-earth metals are first 
converted into sulphates by heating with concentrated sul- 
phuric acid. 

The detection of barium, strontium, and calcium by the wet 
way, as above described, is somewhat tedious, but it gives an 
approximate idea of the relative quantities. By means of the 
spectroscope, these metals are much more readily detected 
even when all three are present together. According to the 
nature of the acid, the sample is either introduced into the 
flame directly, or after previous ignition in the reducing 
flame and moistening with hydrochloric acid. To detect 
very minute quantities of barium and strontium in presence 
of large quantities of calcium, ignite a few grams of the 
mixed carbonates for several minutes in a platinum crucible 
strongly over the blast-lamp (whereby barium and stron- 
tium carbonates become caustic much more readily than 
would be the case in the absence of calcium carbonate)^ 
extract the ignited mass by boiling with a little distilled 
water, filter, evaporate with hydrochloric acid to dryness, 
and examine the residue by spectrum analysis (Enqel- 
baoh). If traces of calcium and strontium are to be 
detected in barium minerals, convert the metals into 
chlorides, extract these with very small amounts of abso- 
lute alcohol, and examine by spectrum analysis the residue 
left upon evaporation. In dealing with the detection of 
traces of calcium and barium in strontium minerals, extract 
the chlorides, first with, cold, then with hot alcohol. In 
the first extract, the calcium is to be found ; in the succeed- 
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ing ones, strontium, while barium is in the last or in the 
residue. (The tests should be ignited in the reducing flame, 
then moistened with hydrochloric acid, and brought into 
the flame.) (Buiisen.) 

Concerning the detection of magnesium by means of an 
absorption-spectrum, compare H. W. Vogel and F. toh 
TiT?.pii!T.j Zeitschr. f. analyt. Ohem., 17 , 89. Barium, stron- 
tium, calcium, and magnesium can also be detected by 
microchemical methods, even when only small amounts 
are present. (Compare Haushopeb, pp. 16, 32, 92, and 121, 
and Behbens, Zeitschr. f. analyt. Chem., 30 , 139, 145, 146,. 
and 148.) 


§106. 

THIBD GEODP. 

Hore common metals : Aluhinioh, Chbomum. 

Barer metals : Bebillidm:, Thobiubi, Ziboonidm, TTntnoi,, 
Obbidm, Labteandm, DiDBrajM, Tetamidm, Tamtaltim, Niobiom. 

Prop&rtdes of the Group. — The oxides and hydroxides 
of the third group are insoluble in water. The sulphides 
cannot be produced in the wet way. Hydrogen sulphide, 
therefore, fails to precipitate the solutions of the salts. From 
solutions of the salts in which the metals of the third group 
constitute the base,^ ammonium sulphide throws down the 
hydroxides in the same way as ammonia. The reaction with 
ammonium sulphide distinguishes the metals of the third 
group from those of the two preceding ones. 


* The oxides of almost all the metals of the third group are able to com- 
bine with acids as well as with bases to form salts; for example, alumina with 
potassium oxide forms potassium aluminate, while with sulphuric acid, alu- 
minium snlphate is formed. Some of these elements, therefore, stand upon 
the boundary between acid-forming and basic elements. The oxides of tita- 
nium, tantalum, and niobium are called acids, because thqr stand neartha 
adds in their properties. 
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Special Reactions of the More Common Metals of the Third Group. 

§ 106. 

a. Aluminium, AJ. {Oxide^ Alumina, AJ,0,.) 

1. Aluminium is nearly white. It is not oxidized by the 
action of the air, in compact masses scarcely even upon igni- 
tion. It may be filed, is very malleable, and its specific 
gravity is only 2.67. It is fusible at a bright red heat. It 
does not decompose boiling water. AJuminium dissolves 
readily in hydrochloric acid, as well as in hot solution of 
potassium hydroxide, with evolution of hydrogen. Nitric 
acid dissolves it but slowly, even with the aid of heat. 

2. Aluminium oxide is non-volatile and colorless, and the 
HYDEOXIDB is also oolorless. Alumina dissolves in dilute 
acids slowly and with very great difficulty, but more readily 
in concentrated, hot hydrochloric acid. In fusing potassium 
disulphate, it dissolves readily to a mass soluble in water. 
In the amorphous condition, the hydroxide is readily sol- 
uble in acids, but in the crystalline state, it dissolves in 
them with very great difficulty. By ignition with alkalies^ 
an aluminate is formed which readily dissolves in acids. By 
igniting alumina mixed with carbon in a current of chlorine^ 
or by the action of carbon tetrachloride, 001^, upon alumina 
below a red heat (DEMABgAT), aluminium chloride, AlOl,, is 
obtained as a sublimate. 

3. The ALUMINIUM OXYGEN SALTS are colorless and non-vol- 
atile ; some of them are soluble, others insoluble. The an- 
hydrous chloride is solid, colorless, crystalline, volatile, and 
easily soluble in water. The soluble oxygen salts have a sweet- 
ish, astringent taste, redden litmus-paper, and lose their acid 
upon ignition. With the exception of certain native com- 
pounds, the salts insoluble in water are dissolved by hydro- 
chloric acid, while the aluminium compounds which are 
insoluble in hydrochloric acid are made soluble by ignition 
with sodium-potassium carbonate or potassium disulphate. 
Their decomposition and solution may be also effected by 
heating them, reduced to a fine powder, with hydroohlorio 
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acid of 26 per cent, or with, a mixture of 3 parts by weight of 
sulphuric acid and 1 part by weight of water, in sealed glass 
tubes, from 200° to 210° for two hours (A. Mitsoher iioh). 

4. From solutions of aluminium potassivm and sodium 
hydroxides throw down a bulky precipitate of alumdshum hy- 
droxide, Al(OH)„ which contains alkali and generally also an 
admixture of basic salt, and redissolves readily and com- 
pletely in an excess of the precipitant The solution of 
alkaline aluminate thus formed remains clear upon boiling, 
but the aluminium hydroxide is precipitated again by the ad- 
dition of suflScient ammonium chloride (compare § 66). This 
precipitation takes place even in the cold, but is more com- 
plete upon heating. The precipitate does not dissolve in 
excess of ammonium chloride, and ammonium salts do not 
interfere with the precipitation by potassium or sodium 
hydroxide. 

6. Ammonia and ammonium sidphide also produce a pre- 
cipitate of ALiJMnnuM hydroxide, which contains ammonia and 
an admixture of basic salt. The precipitate redissolves to 
some extent in a large excess of the precipitant, but this solu- 
bility is lessened by ammonium salts. Boiling promotes the 
precipitation, as it drives off the excess of ammonia. This 
deportment accounts for the complete precipitation of alu- 
minium hydroxide from solution in potassium or sodium 
hydroxide by an excess of ammonium chloride, especially 
when the solution is boiled. 

6. Alkali carbonates precipitate basic ALmrorruM carbonate, 
which is slightly soluble in excess of fixed alkali carbonate, 
and still less soluble in excess of ammonium carbonate. 
Boiling promotes precipitation by the latter. 

7. If the solution of an aluminium salt is digested with 
finely divided barium carbonate, the greater part of the acid of 
the aluminium salt combines with the barium, the liberated 
carbonic acid escapes, and the aluminium precipitates com- 
pletely as hydroxide mixed with basic salt. Even digestion 
in the cold suffices to produce this reaction. 

N.B. to 4, 5, 6, and 7. — Tartaric, citric, and other non-vola- 
tile organic acids completely prevent the precipitation of 
aluminium as hydroxide or basic salt, when they are present 
in considerable quantity. The presence of sugar and similar 
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■organic substances interferes with the completeness of the 
precipitation. 

8. Sodiim phosphate precipitates aluminium phosphate, 
A 1 P 04 . 4 H, 0 , from solutions of aluminium salts. The bulky, 
white precipitate is readily soluble in potassium or sodium 
hydroxide solution, but difficultly so in ammonia, and 
scarcely at all when ammonium salts are present. Ammo- 
nium chloride, therefore, precipitates it from its solution in 
potassium or sodium hydroxide. The precipitate is readily 
soluble in hydrochloric or nitric acid, but not in acetic 
acid (difference from aluminium hydroxide). Therefore, 
sodium acetate precipitates it from its solution in hydro- 
chloric acid if the latter is not too predominant. Tartaric 
acid, sugar, etc., do not prevent the precipitation of alu- 
minium phosphate, but citric acid does prevent it (Gbothe). 

9. OxoHio add and its salts do not precipitate solutions of 
aluminium. 

10. Potassivm svlphate, added to very concentrated solu- 
tions of salts of aluminium, occasions the gradual separation 
of aluminium potassium sulphate, K,S0,.A1,(S0,),.24H,0, in 
the form of crystals or a crystalline powder. 

11. If aluminium oxide or a compound of it is ignited 
upon charcoal before the blowpipe, and afterwards moistened 
with a solution of cobcdt nitrode, and then again strongly 
ignited, an unfused mass of a deep skst-blue color is pro- 
duced, which consists of a compound of the two oxides. The 
blue color becomes distinct only upon cooling. By candle- 
light it appears violet. This reaction is to be relied on, in a 
measure, only in the case of infusible or difficultly fusible 
compounds of aluminium nearly free from other metals. ' It is 
never quite decisive, since cobalt solution may give a blue 
color under aimilar circumstances, not only with readily fusi- 
ble compounds, but also with certain infusible compounds 
free from aluminium, such as the normal phosphates of the 
alkali-earth metals. 
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§ 107. 

J. OHBOMimi, Or. {Ohromic oxide, 01,0,.) 

1. Ohromio oxide is a green, ohbomio htdboxidb, usually 
a bluish gray-green powder. The hydroxide dissolves 
readily in acids, while the non-ignited chromic oxide dissolves 
more difficultly, and ignited chromic oxide is almost 
insoluble. When chromic oxide mixed with carbon is 
ignited in a stream of chlorine, or when it is heated 
below redness in the vapor of carbon tetrachloride (De- 
MARgAV), it yields crystalline, reddish-violet chromium chlo- 
ride, OrCl,. 

2. The OHBOMic SALTS have a green or violet color. Many 
of them are soluble in water, and most of them dissolve 
in hydrochloric acid. The solutions exhibit a fine green 
or a dark violet color, the latter, however, changing to 
green upon heating. The chromic oxygen salts with volatile 
acids are decomposed upon ignition, the acids being ex- 
pelled. The chromic salts which are soluble in water redden 
litmus. Anhydrous ohromic chloride is crystalline, violet- 
colored, insoluble in water and in acids, and volatilizes with 
difficulty. 

3. In the green as well as in the violet solutions, 

and sodium hydroxides produce a bluish-green precipitate of 
OHBOMIO HXDEOXIDE, wMch dissolves readily and completely in 
an excess of the precipitant, imparting to the fluid an emer- 
ald-green tint. Upon long-continued ebullition of this solu- 
tion, the whole of the hydroxide separates again, and the 
supernatant fluid appears perfectly colorless. The same 
reprecipitation takes place if ammonium chloride is added 
to the alkaline solution. Application of heat promotes the 
separation of the precipitate. 

4. Ammonia and also ammonium sulphide produce in 
green solutions a grayish-green, in violet solutions a grayish- 
blue, precipitate of oheomio hydeoxide. The former precipi- 
tate dissolves in cold hydrochloric acid to a reddish-violet 
fluid, the latter to a bluish-violet fluid. Other circumstances 
(concentration, way of adding the ammonia, etc.) also exer- 
cise some influence upon the composition and color of these 
hydroxides. In the cold, a small portion of the hydroxide 
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Tedissolves in an excess of the precipitant, imparting to the 
liquid a peach-blossom red tint ; but if, after the addition of 
ammonia in excess, heat is applied to the mixture, the pre- 
cipitation is complete. 

5. AlhH/i carbonaiea precipitate basio OHBOiao cabbobate, 
which redissolves with difficulty and slowly in an excess of 
the precipitant. 

6. Barium oarioncde precipitates the whole of the chro- 
mium as a GKEIENISH HYPBOXTPE MIXED WITH BASIC SAIT. The 
precipitation takes place in the cold, but is complete only 
after long-continued digestion. 

7. So^um pJioephate when added to neutral or weakly acid, 
either green or yiolet solutions of chromic salts (but not 
chromic oxalate solutions), to which sodium acetate has been 
added in excess, upon boiling precipitates all the chromium 
as chromium pho^Jiafe, CrP0^.3H,0, in the form of a light 
green precipitate (A Oabnot). 

N. B. to 4, 5, 6, and 7. — ^The precipitation of chromium 
hydroxide by ammonia, both in green and fiolet solutions, is 
interfered with more or less by tartaric acid, citric acid, and 
sugar, as well as by oxalic acid. After long standing, the 
precipitates resulting .at first occasionally redissolre com- 
pletely, forming violet or green solutions. The precipitation 
■by sodium carbonate, as well as by sodium phosphate, is 
often wholly prevented by the acids which have been men- 
tioned, and in their presence, the precipitation by barium 
carbonate is incomplete. A solution of a chromic salt which 
has been boiled for a considerable time with the addition of 
sodium acetate is not precipitated in the cold either by 
alkali-metal hydroxides, carbonates, or phosphates, barium 
■carbonate or ammonium sulphide, but precipitation does take 
place by boiling (Rekhtzeb). 

8. If a solution of chromic hydroxide in caustic potash or 
•soda is mixed with some lead dioxide in excess, and the mixture 
is boiled a short time, the chromic hydroxide is oxidized to 
chromic acid. A yellow fiuid is therefore obtained on filter- 
ing, which consists of a solution of TiKAD ohbomate in caustic 
potash or soda. Upon acidifying this liquid with acetic acid, 
the lead chromate separates as a yellow precipitate (Chancel). 

9. If a solution containing a chromic salt is allowed to flow 
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into a liot sodium carbonate solution to which potassium per- 
fnuTigoLTKxte has been added, and the whole is boiled for a short 
time, chromic oxide is changed to chromic acid. If a few 
drops of alcohol are now added in order to reduce the excess 
of the permanganate, and the resulting hydrated manganese 
dioxide is filtered off, any considerable amount of chromium 
can be recognized by the yellow coloration of the filtrate, due 
to SOnilJM OHEOMATE (DoNATH). 

10. The fusion of chromic oxide or of any chromic com- 
pound with sodium mtrate and carionate^ or still better, with 
potassiwm cMorate and sodium carbonate or with sodium peroxide 
(Hempel),. gives rise to the formation of yellow a lka li ohbo- 
HA.TE, which dissolves in water to an intensely yellow fluid. 

N. B. to 8, 9, and 10.— If the amount of chromium is so 
minute that the filtrates do not show a yellow color, any trace 
of chromic acid they contain may often be detected by con- 
centrating the liquid, and applying the methods recom- 
mended under chromic acid for the detection of the smallest 
amounts of that substance. 

11. In both the oxidizing and reducing flames of the blow- 
pipe, sodium metaphosphate dissolves chromic oxide and 
chromic salts to clear beads of a faint yellowish-green tint, 
which upon cooling change to emebald gbebn. Chromic com- 
pounds show a similar reaction with boraae. The Bunsen gas 
flame (§ 16) or the blowpipe flame is used for the experiment. 

§108. 

BecapitvloMon cmd Sevnarks . — The solubility of aluminium 
hydroxide in sodium and potassium hydroxide solutions (or 
also in barium hydroxide solution, which should be used 
when no alkali-metal hydroxides free from silicic acid and 
alumina are available, Beoekann), and its reprecipitation from 
the alkaline solutions by ammonium chloride, afford a safe 
means of detecting aluminium in the absence of chromium. 
But if the latter is present, which is seen either by the color of 
the solution or by the reaction with sodium meiaphosphate, it 
must be removed before aluminium can be tested for. This 
separation of chromium from aluminium is effected most com- 
pletely by fusing 1 part of the mixed oxides with 2 parts of 
sodium carbonate and 2 parts of potassium chlorate (which 
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may be done in a platinum crucible), and the yellow mass, 
obtained is boiled with water. By this process, the whole of 
the chromium is dissolved as potassium chromate, and part, 
of the aluminium as potassium aluminate, the rest of the alu- 
minium remaining undissolved. If the solution is acidified 
with nitric acid, it acquires a reddish-yellow tint; and if 
ammonia is then added to feebly alkaline reaction, the dis- 
solved portion of the aluminium separates. 

If it is preferred to change the chromium oxide to chromic 
acid in the wet way in order to make the separation from alu- 
minium, the solution of both in potassium or sodium hydrox- 
ide may be boiled with potassium permanganate, then after 
reduction, (by means of some alcohol), of the permangan- 
ate added in excess, filtering off the hydrated manganese di- 
oxide and acidifying the filtrate with nitric acid, aluminium 
hydroxide can be precipitated by ammonia. The chromic 
oxide can also be readily converted into alkali-metal chromate 
by gently warming the alkaline solution of both oxides with 
hydrogen peroxide. 

The precipitation of chromic hydroxide, effected by boil- 
ing its solution in potassium or sodium hydroxide, is also suf- 
ficiently exact if the ebullition is continued long enough. 
Still it is often liable to mislead in cases where only little 
chromic salt is present, or where the solution contains organic 
matter, even though in small proportion only. Attention 
should here be called to the fact that the solubility of 
chromic hydroxide in an excess of cold solution of potassium 
or sodium hydroxide is considerably impaired by the presence 
of other hydroxides (manganous, nickelous, cobaltous, zinc, 
ferric, lead, calcium, magnesium hydroxides, etc.). If these 
happen to be present in large excess, they may altogether 
prevent the solution of the chromic hydroxide in caustic 
potash or soda. Lastly, the influence of non-volatile organic 
acids, sugar, etc., upon the precipitation of aluminium and 
chromium hydroxides by ammonia, etc., must be remembered. 
If organic substances are present, therefore, ignite, fuse the 
residue with sodium carbonate and potassium chlorate, and 
proceed as directed before. 

Concerning the detection of very small traces of aluminium 
by means of cochineal tincture, compare Luokow, Zeitschr. f. 
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analyt. Ohem., 8, 362 ; by means of an alcoholic solution of 
morin and the fluorescence produced in it, compare Goppels- 
BODEB, ibid., 7, 208; by means of tincture of logwood, see 
Hobslbt and Sohtjmaoheb-Kopp, ibid., 31, 222; in respect to 
the detection of aluminium by an absorption-spectrum, see 
H. W. Vogel, ibid., 15, 332, and 17, 89. Concerning the micro- 
chemical detection of aluminium and chromium, see Haus- 
HOPEE, pp. 12 and 47, and Behrens, Zeitschr. f. analyt. Chem., 
30, 169 and 161. 

Special Heactions the Rarer Metals of the Third Group. 

§ 109. 

1, Beryllium, Be, or Glucrnum, G1. {Oxide, BeO.) 

Beryllium is a rare metal found in the form of a silicate in phenacite, 
and with other silicates in beryl, euolase, and some other rare minerals. 
Beryllium oxide is a white, tasteless powder, insoluble in water. The ig- 
nited earth dissolves slowly but completely in acids, and is readily soluble 
after fusion with potassium disulphate. The hydroxide dissolves readily 
in acids. The compounds of beryllium very much resemble those of alu- 
minium. The soluble beryllium salts have a sweet, astringent taste, 
their reaction is acid, and the solutions are colorless. The native silicates 
of beryllium are completely decomposed by fusing with 4 parts of sodium- 
potassium carbonate, and most of them also by heating with concentrated 
sulphuric acid. Anhydrous beryllium chloride, obtained by igniting beryl- 
lium oxide mixed with carbon in a stream of chlorine, also by moderate 
Ignition in carbon tetrachloride (L. Meter and R. Welkens), is white, 
crystalline, capable of being sublimed, and easily soluble in water. Prom 
solution of beryllium salts, potassium and sodium hydroxides, ammonia, 
and ammmium sulphide throw down the white, flocculent hydroxide, 
which is but slightly soluble in ammonia, yet dissolves readily in solution 
of caustic potash or soda, from which solution it is precipitated again by 
ammonium chloride. The concentrated, alkaline solutions remain clear on 
boiling, but from more dilute, alkaline solutions, the whole of the beryllium 
separates upon continued ebullition (difference between beryllium and alu- 
minium,’*' but this is only a means for complete separation when pure potas- 

* [This test may fall when precipitated beryllium phosphate, which dissolves 
readily in caustic alkalies, is so treated. To apply the test, fuse the beryllium 
phosphate with sodium carbonate, treat the mass with hot water, and filter. 
The whole of the beryllium oxide, free from phosphoric acid, is thus obtained. 
Dissolve this in hydrochloric acid, evaporate to very small bulk to remove 
practically all the free acid, add pure potassium hydroxide slowly to the 
cold, concentrated solution until the beryllium hydroxide has ledissolved, 
filter if necessary, dilute very largely, and boll.] 
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sium, not sodium hydroxide, is used, and the dilution is not too great*). 
Tartaric add prevents the precipitation by alkalies. By continued boiling 
with arnrnonium chloride^ the freshly precipitated hydroxide dissolves as 
beryllium chloride, driving off ammonia (difference from aluminium). 
Alkali carbonates precipitate white beryllium carbonate, which redissolves 
in a great excess of sodium or potassium carbonate, and in a much less con- 
siderable excess of ammonium carbonate (especially characteristic difference 
between beryllium and aluminium, but they cannot be completely separated 
in this way, as in the presence of beryllium, a certain quantity of aluminium 
dissolves in ammonium carbonate, Jot). Upon boiling these solutions, 
basic beryllium carbonate separates readily and completely from the solution 
in ammonium carbonate, but only upon dilution and imperfectly (as hy- 
droxide) from the solutions in sodium and potassium carbonate If the so- 
lution of a beryllium salt is treated with ammonium phosphate mconsider- 
•able excess (sodium phosphate does not answer), the resulting precipitate 
is dissolved in hydrochloric acid, then, while the hquid is constantly heated, 
ammonia is added drop by drop to neutral reaction (an excess being avoided) 
and the liquid is then heated to boiling for some time, the precipitate, 
ammonium berylhum phosphate, which is slimy at first, assumes a crystal- 
line condition, and subsides rapidly. Oitnc acid does not prevent this reac- 
tion (difference from aluminium, which never yields a crystalline precipitate 
under these conditions, and which is not precipitated at all in the presence 
of citnc acid). The presence of ipuoh aluminium prevents the separation 
of the beryllium precipitate in the presence of citric acid (0. Rosslee). 
Barium carbonate precipitates beryllium completely upon boiling, but not 
upon cold digestion. Oxalic add and oxalates do not precipitate beryllium 
(difference from thorium, zirconium, yttrium, cenum, lanthanum, idym- 
lum). 'When fused with 2 parts of hydrogen potassium jiuoride^ beryl- 
lium oxide yields a mass which dissolves in water acidified with hydrofluoric 
acid. (This reaction serves as a means of separating beryllium from alu- 
minium, for when the latter is similarly treated, it remains insoluble as 
potassium aluminium fluoride.) For the detection of small amounts of 
heryllium when present with much aluminium, dissolve the hydroxides 
in hydrochloric acid, evaporate to dryness, take up the residue with a little 
water, using a very little hydrochloric acid if necessary, transfer to a tube 
of strong Bohemian glass which is closed at one end, add potassium sul- 
phate (about 12 parts for 1 part of alumina) and also enough water so that 
the salt can dissolve upon heating, seal the tube by fusion, warm until 
everything has dissolved, and heat for half an hour to 180®. After cooling, 
open the tube, filter off the basic potassium aluminium sulphate, precipitate 
the solution with ammonia, dissolve the filtered precipitate in hydrochloric 
acid, add enough citric acid so that ammonia produces no precipitate, and 
then separate beryllium as crystalline ammonium beryllium phosphate 

* A. ZiMMSBKAiTK succeeded in makhig a complete separation where 0.8 
g of the oxides were dissolved in 800 cc of dilute potassium hydroxide. With 
greater dilution, aluminium hydroxide precipitates with the betyllium. 
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(0. Rossler), Moistened with solntion of cobalt nitrate^ the beryllium com- 
pounds give gray masses upon ignition. Concerning the microchemical 
detection of beryllium, see Haushofir, p. 33, and Behrens, Zeitschr. f. 
Analyt. Ohem., 30, 189; in regard to the spectroscopic detection, see 
Hartley, Jahresbenoht d. Ohem., 1887, i, 346. 

§ 110 . 

2. Thorium, Th. (2%oria, ThO*.) 

Thorium is a very rare metal, found in thorite, monazite, etc. The 
oxide is white or gray. Ignited thoria is soluble upon heating with a 
mixture of 1 part of concentrated sulphuric acid and 1 part of water ; but 
it IS not soluble in other acids, even after fusion with alkalies. When thona, 
produced by gently igniting the oxalate, is evaporated with hydrochloric or 
nitnc acid, the corresponding salts are left in a varmsh-like form, and 
at once dissolve completely in water, giving colorless solutions. Hydro- 
chlono and nitric acids precipitate the chloride or nitrate from such solu- 
tions, and even sulphuric acid may produce a precipitate in them (Bahr). 
The moist hydroxide dissolves readily in acids, the dried hydroxide only with 
difficulty. Thorium chloride is volatile at a nearly white heat. Thorite 
(thorium silicate) is decomposed by moderately concentrated sulphuric acid, 
and also by concentrated hydrochloric acid. From solutions of thorium 
salts, potassium hydrocdde^ ammonia, and ammonium sulphide precipi- 
tate the white hydroxide, which is insoluble in an excess of the precipitant, 
even of potassium hydroxide (difference from aluminium and beryl- 
lium). Tartaric acid prevents the precipitation. Potassium carbonate and 
ammonium carbonate precipitate basic thorium carbonate, which readily 
dissolves in an excess of the precipitant in concentrated solutions, but with 
difficulty in dilute solutions (difference from aluminium). From the solu- 
tion in ammonium carbonate, the basic salt separates again even at 50°. 
BaHum carbonate precipitates thorium completely. Hydrofluoric acid 
precipitates the fluoride, which at first appears gelatinous, but after a 
httle while, pulverulent. The precipitate is insoluble m water and hydro- 
fluoric acid (difference from aluminium, beryllium, zirconium, and tita- 
nium). Oxalic add causes a white precipitate (difference from aluminium 
and beryllium). The precipitate is not soluble in oxalic acid, and is very 
slightly soluble in dilute mineral acids (Berzeltos), but it does dissolve in 
a solution of ammonium acetate containing free acetic acid (difference from 
yttrium and cerium). It also dissolves in a boiling, concentrated solution 
of ammonium oxalate, and is not reprecipitated when the solution is 
diluted and allowed to cool (difference from cerium, lanthanum, didym- 
ium, and yttrium, Bunsen). A concentrated solution of potassium 
sulphate precipitates thorium slowly but completely (difference from 
aluminium and beryllium). The precipitate consists of potassium thorium 
sulphate, which is insoluble in concentrated solution of potassium sulphate, 
dissolving with difficulty in cold and easily in hot water. Anhydrous, 
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normal thorium sulphate dissolves in ice- water, but upon wanning e'^en 
to the temperature of the room, it separates in a hydrated, very difficultly 
soluble condition (difference from aluminium, beryllium, cerium, yttrium). 
If the hydrated salt is converted by heating into the water-free condition, 
it dissolves again in ice-water (difference from titanic acid, Kbuss and 
Nilson). If thonum hydroxide is suspended in potassium hydroxide 
solution and cfdorine is led in, it does not dissolve (difference from many 
other earths, but not from cenum oxide, J. Laweence Smith). From neutral 
or slightly acid solutions, on boiling, sodium thiosulphate precipitates tho- 
rium thiosulphate mixed with sulphur, but the precipitation is not quite 
complete (difference from yttrium and didymium). Oonceming the micro- 
chemical detection of thonum, see Haushofer, p. 127, and Behrens, Zeit- 
schr. f. analyt. Ohem., 30, 157. 


§ 111 . 

3. Zirconium, Zr. ( Zirconia, ZrO,.) 

Zirconium occurs in zircon, eudialite, and some other rare minerals. 
Zirconia is a white, infusible powder, which glows upon ignition, and is 
insoluble in hydrochloric acid, but is soluble upon addition of water after 
long-continued heating with 2 parts of concentrated sulphuric acid and 1 
part of water. Soluble zirconium salts are also obtained by fusion with 
alkali-metal disulphates or with hydrogen potassium fluoride. The hy- 
droxide resembles aluminium hydroxide, dissolving readily in hydrochloric 
acid when precipitated cold and still moist, but with difficulty when pre- 
cipitated hot or after drying. The zirconium salts soluble in water redden 
litmus, and their solutions are colorless. The native zirconium silicates 
may be decomposed by fusion with sodium carbonate. The finely elutnated 
silicate is fused at a high temperature, together with 4 parts of sodium car- 
bonate. The fused mass gives sodium silicate to water, a sandy sodinm 
zirconate being left behind, which is washed and dissolved in hydrochloric 
acid. Zircon may be easily decomposed by fusion with hydrogen potas- 
sium fluonde at a red heat, potassium sihcofluoride and potassium zirco- 
nium fluonde being produced. When zirconia is mixed vdlh carbon and 
ignited in a stream of chlorine, or is treated for a long time below redness 
with carbon tetrachloride (DsMARgAY), zirconium chloride, ZrCU , is pro- 
duced, which is solid, white, capable of being sublimed, and soluble in 
water. Potassiv/m and sodium hydroxides^ ammonia^ and ammonium sul- 
phide precipitate from solutions of zirconium salts a white, floeculent hy- 
droxide, which is insoluble in an excess of the precipitant, even of caustic 
soda and potash (difference from aluminium and beryllium), and is also not 
dissolved by boiling solution of ammonium chloride (difference from beryl- 
lium). Tartaric acid prevents the precipitation by alkalies. Carbonates 
of potassium, sodium, and ammonium gradually throw down basic zir- 
conium carbonate as a white, floeculent precipitate, which redissolves in a 
large excess of potassium carbonate, more readily in potassium bicarbonate. 
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and most easily m ammonium carbonate (difiEerenoe from aluminium). 
From the latter solution, a gelatinous hydroxide is precipitated by boiling. 
Oxalic acid precipitates fine, crystalline zirconium oxalate (difference from 
aluminium and beryllium), which is soluble in excess of oxalic acid, espe- 
daily upon warming, and m hydrochlonc acid as well as in an excess 
of ammonium oxalate solution even in the cold (difference from thorium). 
The solution is completely precipitated again by ammonia. A concentrated 
solution of potassizim sulphate soon yields a white precipitate of potas- 
sium zirconium sulphate, which is insoluble in an excess of the reagent 
<difference from aluminium and beryllium), and which, if precipitated 
•cold, dissolves readily in a large proportion of hydrochloric acid, but is 
almost absolutely insoluble in water and in hydrochloric acid if precipi- 
tated hot (difference from thorium and cerium). Barium carlonate does 
not precipitate zirconium completely, even upon boilmg. HydrofluoHc 
€und does not precipitate zirconium solutions (difference from thorium 
and yttrium). Sodium thiosulphate precipitates zirconium salts upon boil- 
ing (difference from yttrium and didyminm). The separation of the zirco- 
nium thiosulphate takes place on boiling even in the presence of 100 parts 
of water to 1 part of the oxide (important in regard to the complete sep- 
aration from cerium). A concentrated solution of hydrog&ix peroxide pre- 
cipitates from solutions of zirconium salts all the zirconium in the form of 
a white, voluminous precipitate, a hydrate of zirconium pentoxide, ZraOs, 
The precipitate is insoluble in 1 per cent sulphuric acid, and also in dilute 
acetic acid. By boiling with acids, it is partly dissolved with decomposition 
(Bailbt). (Means of separating zirconium from titanic acid, niobio acid, 
ferric oxide, alumina, but not from thoria.) From neutral or very weaJdy 
acid solutions, an alkali-^netal iodate precipitates zirconium completely 
as zirconium iodate. Heating facilitates the precipitation (Th. Davis, Jr.). 
(Means of separating zirconium from aluminium.) Turimri<>-paper dipped 
into zirconium solutions slightly acidified with hydrochloric or snlphurio 
acid acquires a brownish-red color after drying (difference from the other 
earths). In the presence of titanic acid, which also has the effect of turn- 
ing turmeric-paper brown, first treat the acid solution with zinc to reduce 
the titanic acid to titanic oxide, the solution of which does not affect tur- 
meric-paper (PiSANi). In relatiou to the microohemical detection of zir- 
conium, see Haushoitbe, p. 166, and Behexns, Zeitsohr. f. analyt. Ohem., 
^0, 156. 

§ 112 . 

Ytteium, T. [YUria, T^Og.) 

Yttrium is a rare metal found in gadolinite, orthite, yttro-tantalite, and 
fergnsonite. Tttria when pure is white, and when ignited in the oxidizing 
flame, it emits a white light without fusing or volatilizing. In nitric, hydro- 
chloric, and dilute solphurio acids, it is difficultly soluble in the cold, but on 
warming, it dissolves completely after some tune (Bahb and Bunsen). The 
solutions and likewise the salts of yttrium are colorless, and have an aoid 
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reaction and a sweetish, astringent taste. Yttrium under no circumstances 
yields a direct spectrum, nor do the solutions of its salts show any absorp- 
tion-bands (Bahb and Bunsen). However, when strongly ignited, yttria 
shows a phosphorescence spectrum (Orookes). Anhydrous yttrium chlo- 
ride is not volatile (difference from aluminium, beryllium, and zirconium). 
Potasstum hydroxide precipitates the white hydroxide, which is insoluble 
in an excess of the precipitant (difference from aluminium and beryllium). 
Ammonia and ammonium sUlphide give the same reaction. Alkali 
ca7'J)onates produce a white precipitate, which dissolves with difficulty in 
potassium carbonate, but more readily in hydrogen potassium carbonate 
and in ammonium carbonate, though by no means so readily as the cor- 
responding beryllium precipitate. On boiling, the solution of the pure hy- 
droxide in ammomum carbonate deposits the whole of the yttrium ; and if 
ammonium chloride is present at the same time, this is decomposed upon 
continued heating, with separation of ammonia, the precipitate redis- 
solvmg as yttrium chloride. Saturated solutions of yttrium carbonate in 
ammonium carbonate have a tendency to deposit yttrium carbonate, 
which should be borne in mind. Oxalic acid produces a white precipi- 
tate (difference from aluminium and beryllium). The precipitate does not 
dissolve in oxalic acid, it dissolves with difficulty in dilute hydrochloric 
acid, and is partially dissolved by boiling with ammonium oxalate, but 
by diluting and cooling, the oxalate separates again almost completely 
(difference from thorium). Potassium yttrium sulphate dissolves readily 
in water and m solution of potassium sulphate (difference from thonum, 
zirconium, and the metals of cerite). Baiium cairhonate produces no pre- 
cipitate in the cold (difference from aluminium, thorium, cerium, lan- 
thanum, and didymium), and even on boiling, the precipitation is incomplete. 
Twrm&i'icpaper is not altered by acidified solutions of yttrium salts (differ- 
ence from zirconium). Ta7*taric acid does not interfere with the precipi- 
tation of yttnum by alkalies (characteristic difference between yttrium and 
aluminium, beryllium, thorium, and zirconium). The precipitate is yttrium 
tartrate. The precipitation ensues only after some time, but it is complete. 
Sodium thiosulphate does not precipitate yttrium (difference from alumin- 
ium, thorium, zirconium, and titanium). Sydrofluoi'ic add produces a 
precipitate (here yttrium differs from aluminium, beryllium,, zirconium, 
and titanium) which is gelatinous, insoluble in water and hydrofluoric 
acid ; before ignition, it will dissolve in mineral acids, but after ignition 
it is decomposed only by strong sulphuric acid. Yttrium gives clear, color- 
less beads with borax and sodium metaphospJude, in both the outer and 
inner flames (difference from cerium and didymium). In relation to the 
microchemical detection of yttrium, see Haushoebb, p. 148, and Behrens, 
Zeitsohr. f. analyt. Ohem., 30, 146. 


Besides yttrium, there occur in gadolinite, etc., a number of similar ele- 
ments, such as erbium, terbium, ytterbium, scandium, thulium, deoipium, 
philippium, etc. (see § 117). 
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§ 113. 

6. Cebium, Oe. (Oioidea; Oerous, Ce,0„ and Ckric, OeO,.) 

Oeriam occurs sparingly in nature, principally as oerous silicate in 
cerite and orthite, as oerous phosphate in monazite, and in combination 
with fluorine in fluooerite. It combines \^ith oxygen in two proportions, 
forming oerous oxide, OeaOa , and ceric oxide, OeOa , called also cerium di- 
oxide and peroxide. Oerous oxide, which is obtained by igniting either 
ceno oxide or cerous carbonate or oxalate in a stream of hydrogen, is a 
white or bluish-gray powder. It absorbs oxygen rapidly from the air, 
and by ignition in the same is changed into ceric oxide. The cerous 
salts are white or colorless, and some of them are soluble in water. The 
solutions are colorless, have a sweet, astringent taste, and show no absorp- 
tion-spectrum. Oerous chloride, OeOls , easily obtained by heating cerous 
oxide in carbon tetrachloride vapor (L. Meyer and E Wilkbns), is white, 
fusible, and not volatile (difference between cerium and aluminium, beryl- 
lium and zirconium) It is soluble in water. By boiling a solution of 
cerous sulphate, a salt is precipitated, which dissolves again upon cooling. 
Cerite (hydrous cerous silicate) is decomposed by fusion with sodium car- 
bonate, and concentrated sulphuric acid also decomposes it. Potassium 
hydroxide precipitates white cerous hydroxide, which turns yellow in the 
air from the absorption of oxygen, and does not dissolve in an excess of 
the precipitant (difference from aluminium and beryllium). Ammonia 
pi*ecipltates basic salts, which are insoluble in an excess of the precipitant. 
Tartaric acid prevents the precipitation (difference from yttria). An\r 
monium carbonate precipitates white cerous carbonate, which is at first 
amorphous, but gradually becomes crystalline, and dissolves to some extent 
in an excess of the precipitant. Oxalic add precipitates white cerous 
oxalate, which is amorphous at first, but gradually becomes crystalline. 
The precipitation is complete, even from moderately acid solutions (differ- 
ence from aluminium and beryllium). The precipitate does not dissolve in 
oxalic acid, but it does dissolve in a very large quantity of hydrochloric 
acid, and to a slight extent in a boiling, concentrated solution of ammo- 
nium oxalate. In* the last case, it separates out almost completely again 
upon diluting and cooling (difference from thorium). Even from somewhat 
acid solutions, a saturated solution of potassium sulphate precipitates white 
potassium oerous sulphate (difference from aluminium and berylhum), 
which is difficultly soluble in cold water, more readily in hot water (Bahr), 
and altogether insoluble in a saturated solution of potassium sulphate (dif- 
ference from yttrium). The precipitate may be dissolved by boiling with a 
large quantity of water, to which some hydrochlonc acid has been added. 
Barium carbonate does not produce a precipitate in the cold, but precipi- 
tates cerous salts completely upon heating. Sodium thiosulphate does not 
precipitate cerium, even on boiling with very concentrated solutions. The 
precipitated sulphur only carries down traces of the salt with it. Erom 
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solutions of cerous salts, cdkali-rnetal hypochlorites precipitate bright yel- 
low ceric hydroxide. If a cerous salt is dissolved in nitric acid with the 
addition of an equal volume of water, a small amount of lead peroodde 
as added, and the solution is then boiled for a few minutes, the hquid 
assumes a yellow color in consequence of the formation of a ceric salt, even 
if only a small amount of cerium is present. On evaporating this solution 
to dryness, heating the residue till a portion of the acid escapes, and treat- 
ing it with water acidified with nitric acid, no cerium will be dissolved, 
but any didymium and lanthanum present will be dissolved (Gibbs). If 
potassium or sodium hydroxide is added to the solution of a cerous salt to 
distinct alkaline reaction (after having evaporated off any free, volatile acid, 
if such IS present in large quantity), the solution evaporated to dryness, 
and a solution of strychnine in concentrated sulphuric acid (about 1 : 1000) 
poured over this residue, a magnificent bluish-violet liquid results, the 
color of which soon changes into red (Pltigge). 

Ceric oxide^ obtained by igniting cerous hydroxide, carbonate, or 
oxalate in the air, or by heating cerous nitrate, forms a powder of an 
oramge-yellow color when hot, but yellowish- white when cold. It is soluble 
in concentrated sulphuric acid upon heating, usually with the evolution of 
oxygen, to a yellow solution containing ceric and cerous sulphates. Nitno 
or hydrochloric acids scarcely dissolve it upon heating, but the latter acid 
dissolves it easily when potassium iodide is added, forming cerous chloride, 
OeOla, with the liberation of iodme, or also when alcohol or hydrogen 
peroxide is added to the acid. Oenc hydroxide is soluble in nitric and 
sulphuric acids. Hydrochloric acid dissolves it, with evolution of chlorine 
and formation of cerous chloride. The ceric salts are yellow or red, and their 
solutions are yellow, Sulphui'ous add decolonzes the solutions, producing 
cerous salts. Solutions of ceric salts are precipitated slowly but completely 
by barium carbonate in the cold. Sodium thiosulphate precipitates a 
solution of cenc nitrate. 

In the outer flame, bora^ and sodium metaphosphate dissolve cerium 
oxides to yellowish-red beads (difference from the preceding earth metals). 
The coloration gets fainter on cooling, and often disappears altogether. In 
the inner flame, colorless beads are obtained. 

§ 114 . 

6. Lajsthanum, La. {Oxide, La,0,.) 

This element is generally found associated with cerium. Lanthanum 
'Oxide is white, and remains unaltered by ignition in the air (difference 
from cerous oxide). In contact with cold water, it is slowly converted into 
a milk-white hydroxide; while with hot water, the conversion is rapid. The 
oxide and hydroxide change the color of reddened litmus-paper to blue, and 
they dissolve in boiling solution of ammonium chloride, as well as in dilute 
jacids. In this, lanthanum oxide resembles magnesia. The salts of Ian- 
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tliannin are colorless. The saturated solution of lanthanum sulphate in 
cold water deposits a portion of the salt even at 80° (difference from cerium).. 
Potassium sulphate, oxalie add, and ammonium oxalate (acting upon lan- 
thanum oxalate) give the same reactions as with cerous salts. Potassium 
hydroxide precipitates the hydroxide, which is insoluble in an excess of 
the precipitant, and does not turn brown in the air. Ammonia precipi- 
tates basic salts, which pass milky through the filter on washing. The 
precipitate produced by ammonium carbonate is entirely insoluble in an 
excess of the precipitant (difference from cerous salts). If a cold, dilute 
solution of lanthanum acetate is supersaturated with ammonia, the slimy 
precipitate repeatedly washed with cold water, and a little iodine in pow- 
der added, a blue coloration makes its appearance, which gradually per- 
vades the entire mixture (characteristic difference between lanthanum and 
the other earth metals). Barium carbonate precipitates solutions of lan- 
thanum salts completely, even in the cold. 

§ 116. 

7. Didthiom, Di. {Oxide, Di,0,.) 

This element, like lanthanum and in conjunction with it, is found 
associated with cerium. After intense ignition, didymium oxide appears 
white; but when moistened with nitric acid and feebly ignited, a dark brown 
peroxide is formed, which after intense ignition is converted into the white 
oxide. In contact with water, the oxide is slowly converted into hydroxide; 
it rapidly attracts carbon dioxide; its reaction is not alkaline; it dissolves 
readily in acids and also m a boiling solution of ammonium chloride. The 
salts soluble in water and their concentrated solutions have a reddish or a 
faint violet color. On heating, the nitrate is first converted into a basic 
salt (difference from lanthanum), which is gray when hot and also when 
cold. The chloride is not volatile. The saturated solution of the sulphate 
deposits salt, not at 80°, but upon boiling. Potassium hydroxide precipi- 
tates the hydroxide, which is insoluble in an excess of the precipitant, and 
does not alter in the air. Ammonia precipitates a basic salt, which is 
insoluble in ammonia, but somewhat soluble in ammonium chloride. 
Alkali carbonates produce a copious precipitate, which is insoluble in an 
excess of the precipitant, even in an excess of ammonium earbonate (dif- 
ference from cerous salts), but dissolves slightly in concentrated solution 
of ammonium chloride. Tartaric acid prevents the precipitation by the 
alkalies. Oxalic add precipitates salts of didymium almost completely. 
The precipitate is difficultly soluble in cold hydrochloric acid, but dissolves 
upon application of heat. It behaves towards ammonium oxalate like 
cerous oxalate. Barium carbonate precipitates didymium solutions slowly 
but completely. A concentrated solution of potassium sulphate precipi- 
tates didymium solutions more slowly and less completely than cerous 
solutions. The precipitate (potassium didymium sulphate) is insoluble in 
solution of potassium sulphate and in water (Delafontainb), but it dis- 



§ 116 .] 


APPENDIX. 


181 


solves m hot hydrochlorio acid, although with difficulty. Sodium thiosuU 
phate does not precipitate solutions of didymmm. Didtmium peroxide is 
brown, soluble in hydrochloric acid, with evolution of chlorine, and in 
oxygen acids, with evolution of oxygen. With hoi'ax^ in both flames, didym- 
ium oxide gives a nearly colorless bead, which in the presence of large 
quantities has a faint amethyst-red tinge. Sodium metaphosphate dissolves 
the oxide in the oxidizing flame to an amethyst-red bead inclining to violet. 
The color disappears in the reducing flame. With sodium carbonate in 
the outer flame, a grayish-white mass is obtamed (difference from man- 
ganese). The dbsorption^spectrum given by the solutions of the salts is 
peculiarly characteristic for didymium. This was first described by Glad- 
stone, and afterwards by 0. L. Erdmann and Delatontainb. Base and 
Bunsen have laid down the exact position of the bands (Zeitschr. f, analyt. 
Ohem., 6, 110). 


Appendix to §§ 112 - 116 . 

§ 116 . 

Eegarding the microscopic detection of cerium, lanthanum, and didym- 
ium, see Haushofer, p. 40, and Behrens, Zeitschr. f. analyt. Ohem., 30, 
144. 

For separating the metals under consideration, one of the following 
methods may be used : a, Neutralize the solution of the three bases 
almost completely, if it is acid, without, however, allowing a permanent 
precipitate to form ; add a sufficient amount of sodium acetate and an 
excess of sodium hypochlorite, and boil for some time; cerium is thus 
precipitated— as ceric hydroxide (Popp), or as basic acetate which should 
be washed with sodium acetate (Ere)— while lanthanum and didymium 
remain in solution (Popp, Ann. Ohem. Pharm., 131, 860). 6. Precipitate 
the bases with potassium hydroxide, suspend the washed precipitate in 
potassium hydroxide solution, and pass m chlorme. Lanthanum and 
didymium oxides dissolve, while ceric oxide remains behind (Damour and 
St. Olaire Deville, Oompt. rend., 69, 272). c. Evaporate the solution of 
the nitrates to dryness, and heat the residue until the brown mass has be- 
come light yellow. If, after cooling, this is treated with boiling, dilute nitric 
acid, lanthanum and didymium go into solution, while cerium remains 
almost completely undissolved as basic nitrate (Kobinson). d. Dissolve in 
an excess of strong nitric acid, boil with lead peroxide, evaporate the 
orange-yellow solution to dryness, and heat the residue until a part of its 
acid has been removed, treat with water which is acidified with nitric acid, 
and separate the undissolved basic ceric nitrate from the solution contain- 
ing all the lanthanum and didymium (Gibbs, Zeitschr. f. analyt. Ohem., 3, 
896). In using the last method, it must be remembered that in the fm*ther 
treatment of the solution and the residue, lead is to be first removed by 
hydrogen sulphide, e. Heat the chromates to 110“ and extract with hot 
water the lanthanum and didymium compounds, which remain undecoTU- 
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posed. Cerium remains behind as insoluble dioxide (Pathnson and Clark, 
Ohem. News, 16, 259). 

From the solution of lanthanum and didymium obtained by one or the 
other of the foregoing methods, the bases are precipitated with ammonium 
oxalate, the oxalates are ignited, and the oxides thus obtained are treated 
with dilute nitno acid. If the separation of cerium was incomplete, the 
remainder of the cerium will be left behind. The solution is evapo- 
rated to dryness in a dish with a flat bottom, and heated to 400® or 500®. 
The salts fuse, and nitrous fumes escape. The residue is treated with hot 
water, which dissolves the lanthanum, leaving behind gray basic didym- 
ium nitrate. By many repetitions of the evaporation, etc., the two 
bases may be satisfactorily separated (Damour and St. Claire Deville). 
Mosander recommends converting the didymium and lanthanum into 
sulphates, making a saturated solution of the dry salts in water at 5® or 6", 
and heating the solution to 30®, when the lanthanum sulphate is for the 
most part thrown down, and the didymium sulphate is mostly held in 
solution. For other methods of separating lanthanum and didymium, 
compare Cl. Winkler, Zeitschr. f. analyt. Chem., 4, 417; Zsohiesohe, 
ibid,y 9,541; Freriohs, iUd .^ 13, 217. 


Addenda to §§ 109-116. 

§117. 

The chemistry of the rare-earth metals has recently been studied by many 
investigators,* and the views which were held concerning them at the time 
of the appearance of the 16th (Gorman) edition of this book have been con- 
siderably modified. It has been found that a number of the bodies which 
were previously thought to be elements are mixtures of several, or even of 
many, very similar elements. According to Crookes, yttrium consists of a 
complex of five, or, more probably, of eight, distinct elements. Didymium 
contains two elements. An actual separation of all these bodies has not, as 
yet, been accomplished, at least completely, although evidence has been ob- 
tained in regard to their diversity in spectroscopic properties and atomic 
weight. 

In addition to the elements just considered, a large number of others 
belonging to the rare-earth metals are to be mentioned ; as erbium, ter- 
bium, ytterbium, scandium, thulium, deoipium, philippium, samarium, 
holmium, mosandrium, dysprosium, austrium, gadolinium, neodymium, 
and praseodymium. 


♦ The following diould receive special mention here : Crookes, Auer v. 
Welsbach, Lncoq db BoiSBAunRAjff, Ertjbb, Hilbon, Rammblsbbrg, Bet- 
tendorf, SchottlIlndeb, Braunbr, Lawrence Smith, Didieb, OiiavB, 
Demar^ay, Beoquerel, Thompson, and Blohstrand. 
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Since the study of these elements cannot yet be considered as finished, 
and an exact characterization of many of them is not yet possible, I cannot 
attempt to give their behavior and reactions, and have therefore treated 
the complex yttrium and didymium as simple metals* 


§118. 

8. TiTAunuM, Ti. 

Titanium forms three oxides ; titanious oxide, TiO (only known in the 
form of the hydroxide), titanic oxide, TiaOs , and titanic acid (anhydride), 
TiOa. The latter is more frequently met with in analysis. Titanic acid is 
found in the free state in rutile,* brookite, and anatase, and m combination 
with bases in titanite, titaniferons iron, etc. It also occurs in small propor- 
tions in bauxites, in many iron ores, m clays, and generally m silicates, 
consequently also m cast-iron and in blast-furnace slags. The small, copper- 
colored cubes which are occasionally found in such slags consist of a com- 
bmation of titanium cyamde with titanium nitride. Feebly ignited titanic 
acid IS white, but it transiently acquires a lemon tint when heated. Accord- 
ing to the manner of preparation, very intense ignition may give it a yel- 
lowish-white color, or if it previously contained ammonium chloride, a 
brownish color, due to the formation of titanium nitride (v. d. Pfobdten), 
It is infusible, insoluble in water, and its specific gravity is 3.9 to 4,25. 
"When strongly ignited in hydrogen for a long time, it is converted into the 
Indigo-blue compound, TirOig , which is to be considered as a combination 
of titanic acid with titanic oxide (v. d, Pfordten t). Titanium tetrachlo- 
ride, T 1 OI 4 , is a colorless, volatile liquid, which fumes strongly in the air, 
and decomposes very violently with water. Alcohol dissolves it more quietly 
to a clear fluid, which also remains clear upon mixing it with water. Upon 
the addition of ether, the alcoholic solution which has been diluted with 
water becomes yellow. Upon mixing titanium tetrachloride with concen- 
trated hydrochloric acid, a yellow compound ia formed, while much heat 
is produced and hydrogen chloride is given off. This compound dissolves 
in an excess of hydrochloric acid to a clear, bright yellow liquid, which 
does not fume, and can be diluted with water as much as desired without 
becoming turbid (v. d. Pfordten), 

a. Deportment loith Adds, and Reactions of Add Solutiom of Titanic 
AcicZ.— Ignited titanic acid is insoluble in acids, except in hydrofluoric 
and concentrated sulphuric acids. If the solution in hydrofluoric acid 
is evaporated with sulphuric acid, no titanium tetrafluoride will vola- 
tilize (difference from ^icio acid). When evaporated with hydrofluoric 


* Concerning the preparation of pure titanic acid from rutile, the most 
Important compounds of titanium, and the reactions of the solutions, of the 
three titanium oxides, compare v D Pfordten, Ann. d. Chem., 234i 257, et 
and especially 237, 201, etseq. 

+ Ann. d. Chem., 237, 230. 
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acid alone, titanic acid is volatilized. Upon sufficiently long-continued 
fusion with potassium disulphate, titanic acid gives a clear mass, which 
is completely soluble in a large proportion of cold or lukewarm water. 
Titanic acid is very easily brought into a clear solution by fusing with 
hydrogen potassium fluoride, and dissolving the fusion in dilute hydro* 
chlonc acid. Potassium titanium fluoride is difficultly soluble in water, 
1 part requinng 96 parts at 14“. Both when moist and when it has been 
dried without the aid of heat, hydrated titanic acid is soluble in dilute 
acids, especially in hydrochloric and in sulphuric acids. All solutions of 
titanic acid in hydrochloric or sulphuric acids, especially the latter, and 
consequently also solutions obtained by treating acid potassium sulphate 
fusions with water, when subjected m a highly dilute state to long-con-^ 
tinned boiling^ deposit metatitanic acid as a white powder, insoluble in 
dilute acids. Presence of much free acid retards the separation and 
diminishes the quantity of the precipitate. The precipitation is most com- 
plete when the mass obtained by fusion with potassium disulphate is dis- 
solved with the addition of some sulphuric acid, the solution neutralized 
with potassium hydroxide, and then, after the addition of .6 g of sul- 
phuric acid for each 100 ec of liquid, it is boiled for six hours with renewal 
of the water lost by evaporation (LiivY). The precipitate which separates 
from hydrochloric acid solutions may be Altered, but it will pass milky 
through the filter on washing, unless an acid or ammonium chloride 
is added to the washing water. From solutions of titanic acid in hydro- 
chloric or sulphuno acid, solution of potassium hydroodda throws down 
titanic acid as a bulky, white precipitate, which is insoluble in an excess of 
the precipitant ; amimnia^ ammonium sulphide^ and baHum carbonata 
act in the same way. The precipitate, thrown down cold and washed 
with cold water, is soluble in hydrochloric and in dilute sulphuric acids, 
and presence of tartaric acid prevents its formation. In acid solutions 
of titanic acid, potassium ferrocyanide produces a bright reddish-yellow^ 
precipitate; potassium ferricyanide^ a yellow ; and infusion of galls, a 
brownish precipitate, which speedily turns orange-red. On boiling a solu- 
tion of titanic acid with sodium thiosulphate, all the titanic acid is thrown 
down. Sodium phospTiaie throws it down almost completely as phospho- 
titanic acid, even from solutions containingjnuch hydroohlono acid. The 
washed precipitate consists of PaTiaO# (Mkrz). Titanic acid is also precip- 
itated by sodium phosphate in the presence of a large excess of formio 
acid; also by boiling with much sodium acetate and acetic add. Both 
methods of precipitation, especially the latter, accomplisli a complete sepa^ 
ration from alumina if the operation is repeated (Gfoocna*). Sydrogen per» 
oxide colors titanic acid solutions orange-yellow (SohSn). [The solution 
used for this test should contain no fluorides.] When the colored solution 
is shaken with ether, the colored substance does not go into that solvent 
CEtePB). Stannous chloride or zinc dust decolorize the solution. The 
reaction is not applicable in the presence of vanadic, molybdio, and chroznior 


* Chem. Centralbl , 1887, p. 158. 
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acids, nor in the presence of large amounts of ferric salts. [When iron is 
present, a solution in sulphuric acid should be used for the test, because 
ferric sulphate gives far less color than ferric chloride. The reaction in 
this case is delicate, even in the presence of a large amount of iron.] The 
yellow solution which is obtained by the action of aqueous sulphurous acid 
upon granulated zinc (Jiydrosidphurous aeid^ according to Schcjtzen* 
BEBGEB. ; hyposulp1vu/rou8 ocitf , HaSa 04 , according to Bernthsen) produces 
a red coloration in titanic acid solutions, even when extremely dilute. The 
red coloring matter is not taken up by ether when the solution is shaken 
with that liquid (R. Fresenius). Metallic or till produces, after some 
time, a pale violet to bluish coloration of the solution, in consequence of 
the reduction of titanic acid to titanic oxide. Subsequently, a blue precipi- 
tate separates, which gradually becomes white. If potassium hydroxide 
or ammonia is added to the solution which has become blue but is still 
clear, blue titanic hydroxide separates, which, by the decomposition of 
water, gradually changes into white, hydrated titanic acid. The reduction 
•of titanic acid in hydrochloric solution takes place also in the presence of 
potassium fluoride (diflerence from niobic acid), the fluid in this case be- 
coming light green. The solutions of titanium tetrachloride in water have 
properties which vary according to their preparation. If, for example, the 
chloride is dissolved in water in such a manner that no heating takes 
place, a slightly opalescent liquid is obtained, which is only slightly clouded 
by boiling (titanium tetrachloride solution), while the same solution, if 
kept for a few weeks, gives a large precipitate by boiling (metatitanic acid 
solution). The solutions are also distinguished by the fact that the first 
remains clear upon the addition of sulphuric or oxalic acids, while the 
other is precipitated by each of these. If the mass obtained by fusing 
titanic acid with potassium disulphate is dissolved in cold water, a precipi- 
tation is made with ammonia, the precipitate is washed with cold water 
and dissolved in as little hydrochloric acid as possible, a solution of meta- 
titanic acid is obtained ^ i e., it is precipitated by boiling as well as by sul- 
phuric and oxalic acids.* 

6. Reaction with Recently precipitated titanic acid is almost 

absolutely insoluble in solution of potassium hydroxide. If titanic acid 
is fused with potassium hydroxide and the mass treated with water, 
the solution contains a little more titanic acid. By fusion with cdkaZi 
carbonates^ normal alkali titanates are formed, with expulsion of carbon 
dioxide. From the fused mass, cold water extracts aJkfdi and alkali car- 
bonate, leaving behind acid titanate of the alkali metal, soluble in hydro- 
chloric acid with the production of a clear solution or the formation of a 
precipitate, according to the concentration of the acid. When hydro- 


*The statements concerning the formation and properties of titanic 
chloride solutions and metatitanic chloride solutions, ly R. Wkbbb, Pogg. 
Ann., 120, 287, and 0. Rahhblsbebg, Berlin Monatsber., 187A P* 490, and 
Zeitschr. f. analyt. Chem., 13, 447, differ from each other. This subject, 
therefore, needs a new investigation. 
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chloric acid of about 86 per cent is used, titanic acid separates in a gelat- 
inous form (H. Eose, v, d. Pfordtbn), 

When titanic acid is mixed with charcoal and ignited in a stream of 
chlorine^ or is exposed to the vapor of carbon tetrachloride below a red 
heat (Demab 9 Ay), it gives titanium tetrachloride as a volatile liquid, which 
emits copious fumes m the air (see above). At the point of the outer blow- 
pipe flame, sodium metapTiospTiate dissolves titanic acid to a colorless bead, 
but with difficulty ; while in the outer flame, yet near the point of the inner 
flame, it dissolves readily and in considerable quantity. If the clear and 
colorless bead is again held in the point of the outer flame, it becomes 
opaque if sufficiently saturated, and by continued action of the flame, 
titanic acid will separate in microscopic crystals of the form of anatase 
(G. Rose). According to A. Knop, the crystals are a compound of titanic 
and phosphoric acids ; according to G. Wunder, they are composed of 
sodium phosphate and titanate, and are rhombohedral. If the bead is held 
in a good reducing flame for some time, it will appear yellow while hot, 
red while cooling, and violet when cold. The reduction is promoted by 
the addition of a little tin. If some ferrous sulphate is added, the bead 
obtained in the reducing flame wiU appear blood-red. If a substance 
containing titanium is fused upon the loop of a flne platinum wire with a 
little sodium carbonate^ in the inner flame of a Bunsen Jiumer, which is 
made somewhat luminous, and is heated until all the sodium carbonate 
has volatilized, there is formed the copper-red compound composed of tita- 
nium cyanide and nitride, STisNa.TiOaHa , in consequence of the action of 
the cyanogen contained in the gas (Ludeeino). In order to detect tita^ 
ninm m minerals, .1 g of the finely pulverized substance is fused with 
.2 g of sodium fluoride and 3 g of acid sodium sulphate. By treating 
the mass vnth cold water, the titanic acid is obtained in solution, in which 
it can be detected (A. Notes). In regard to the microscopic detection of 
titanium, compare Haushofer, p. 130; Behrens, Zeitsohr. f. analyt. 
Ohem., 30, 156. 


§1X9. 

9. Tantalum, Ta. 

With oxygen, tantalum forms tantalous oxide, TaOa , and tantalic acid 
(anhydride), TasOs. Tantalum occurs in columbite and tantalite (almost 
always in conjunction with niobium). Tantalic acid is white, and is only 
pale yellowish when hot. When separated in the wet way, the acid contains 
hydroxyl-water. The water-free acid has a specific gravity of 7 0 to 8 26. 
Tantalic acid is not reduced by ignition in a current of hydrogen. It 
combines with acids as well as with bases. 

a. Add Solutions. — When tantalic acid is intimately mixed with char- 
coal and ignited in a current of dry chloHne, and also by the action of car- 
bon tetrachloride vapors below a red heat (Demar 9 AT), tantalum chloride^ 
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TaCl® , IS formed. The latter is yellow, solid, fusible, and can be sub- 
limed, and is completely decomposed by water, with separation of tantalio 
acid (hydroxide). The chloride is entirely soluble in sulphuric acid, nearly 
so in hydrochloric acid, and partially soluble in potassium hydroxide solu- 
tion. If titanium is present, on treating the mixtures of oxides and char- 
coal with a current of chlorine, titanium chloride will be formed, which 
fumes strongly in the air. Hydrated tantalic acid dissolves in hydrofluoric 
add; and the solution, when mixed with potassium fluoride, yields a very 
characteristic salt in flne needles, SKF.TaFs, which is distinguished by its 
diABcult solubility in water acidified with hydrofluoric acid (1 part of the 
acid to 150 or 300 of water). (Distinction and method of separation from 
niobium.) Hydrochloric and concentrated sulphuric acids do not dissolve 
ignited tantalic acid. With potassium disulphate, it fuses to a colorless 
mass ; and if this is treated with water, tantalic acid combined with sul- 
phuric acid remains undissolved (difference between tantalio acid and titanic 
acid, but it cannot be made the ground of a method of separation). When 
ignited in an atmosphere of ammonium carbonate, the tantalic sulphate 
is converted into tantalic acid. If a solution of alkali tantalate is mixed 
with hydrochloric acid in excess, the precipitate first formed redissolves to 
an opalescent fluid. From this liquid, ammonia and ammonium sulphide 
precipitate tantalio acid or an acid ammonium tantalate, but tartaric acid 
prevents the precipitation. Sulphuric add precipitates tantalic sulphate 
from the opalescent fluid. When acid solutions of tantalic acid are 
brought into contact with zinc^ no blue coloration is observed (difference 
between tantalic acid and niobic acid). 

6. Bdtamor to Alkalies, — By continued fusion with potassium hydrox^ 
ide^ potassium tantalate is formed, and the fused mass will dissolve in 
water. By fusion with sodium hydroxide,^ a turbid mass is obtained, and 
a little water poured on this will dissolve out the excess of sodium hy- 
droxide, leaving the whole of the sodium tantalate undissolved. The latter 
salt is insoluble in solution of caustic soda, but the sodium tantalate will 
dissolve in water after the removal of the excess of soda. Solution of 
sodium hydroxide throws down from this solution the sodium tantalate, 
and if the precipitant is added slowly, the form of the precipitate is 
crystalline. From solutions of alkali tantalates, carbon dioxide throws 
down acid salts not soluble in boiling solution of sodium carbonate, and 
even from the dilute solutions, sulphuric add throws down tantalic sul- 
phate. Potassium ferrocyanide and infusion of galls produce precipi- 
tates only in acidified solutions, the precipitate produced by the former 
being yellow, and by the latter, light brown. 

Sodium metaphosphate dissolves tantalic acid to a colorless bead, 
which is colorless also when hot, remains colorless even in the inner flame, 
and does not acquire a blood-red tint by addition of ferrous sulphate 
(difference between tantalum and titanium). The microscopic detection 
of tantalum is based upon the observation of the crystals, in which potas- 
sium tantalum fluonde and sodium tantalate can be obtained (Behrens^ 
Zeitsohr. f. analyt. Ohem., 30, 102; Haushofbe, p. 105). 
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10. Niobium, Nb, or Oolumbium, Cb. 

Hiobium combines with oxygen in several proportions, viz., HbO, 
NbOa, and NbaOs. It is rare, being found in oolumbite, samarskite, etc., 
and it is usually accompanied by tantalum. Niobio acid (anhydride), 
NbaOs , IS white, can be obtained in a crystallized condition (Ebelmen, A. 
Knop), and turns transiently yellow when ignited (difference from tantalio 
acid). Its specific gravity lies between 4.87 and 4.63 (difference from tan- 
talic acid). By strong ignition in hydrogen^ the niobio acid is converted 
into black NhOa. Hiobio acid combines both with bases and with acids. 

a. Acid Solutiom of Iftobic Acid. — Concentrated sulphuric acid dis- 
solves the acid on heating, unless it has been too strongly ignited. On the 
addition of much cold water, a clear solution is obtained. On fusing with 
potassium disulphate^ it dissolves readily to a colorless mass, and on 
treating the fusion with boiling water, niobic acid containing sulphuric 
acid remains undissolved, but is readily soluble in hydrofluoric acid (see 
below). By mixing niobic oxide intimately with charcoal and treating 
with a current of chlorine^ and also by heating it in the vapor of carbon 
tetrachloride at about 440“ (Demae 9 AY), a mixture is obtained of white, 
infusible, difficultly volatile niobic oxychloride, HbOOl# , and yellow more 
volatile niobic chloride, HbOl#. Treated with water, both compounds give 
turbid fluids, in which a part of the niobium is separated as niobic acid, 
but the larger portion remains dissolved. By boiling with hydrochloric 
acid and afterwards adding water, the compounds give clear solutions, 
which are not precipitated by boiling or by sulphuric acid in the cold (dif- 
ference from tantalum chloride). By igniting niobic oxide in the vapor of 
niobium chloride, the oxychloride is formed (difference from tantalio 
oxide). Prom the acid solutions of niobic acid, ammonia and ammonium 
sulphide throw down niobio acid containing ammonia, which, as well as 
any niobic acid that has not been ignited, dissolves in hydrofluoiic acid. 
When mixed with potassium fluoride, the hydrofluoric solution gives potas- 
sium niobium fluoride, 2KP.HbPi , if hydrofluoric acid is in excess ; other- 
wise it gives potassium niobium oxyfluoride, 2KP,HbOF*. The latter 
salt is also obtained when potassium niobate is dissolved in hydrofluoric 
acid ; it is readily soluble in cold water, 1 part dissolving in 13.6 parts 
(difference from potassium titanium fluoride, which requires 96 parts of 
water, and from potassium tantalum fluoride, which requires 300 parts of 
water). If the solution of potassium niobium oxyfluoride is boiled for a 
long time, with renewal of the evaporated water, niobium dioxyfluoride 
separates in microscopic crystals (B^Rfiss and HnsoN*). If very dilute 
potassium hydroxide is added to a very dilute, boiling solution of niobio 


* Jahresber. liber die Portschritte d. Chemie, 1887. p. 557. 
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acid in hydrofluoric acid until reddish litmus -paper begins to change its 
color a little, and then ammonia is added to neutralization, all the niobic 
acid is precipitated (difference and means of separation from titanic acid, 
Demabc^ay *), On digesting a hydrochloric or sulphuric acid solution of 
niobic acid with sine or tin^ it acquires a blue and generally also a brown 
color, in consequence of the reduction of the niobic acid to lower oxides. 
In the presence of alkali-metal fluorides, the reduction does not taJee place 
{difference from titanic acid). 

6. Alkaline Solutions , — With potassium hydroxide^ niobic acid fuses to 
a clear mass, soluble in water. To sodium hydroxide^ niobic acid shows 
the same deportment as tantalic acid. From the solution of potassium 
niobate, sodium hydroxide precipitates an almost insoluble sodium niobate. 
On boding a solution of potassium niobate with hydrogen potassium car^ 
donate, an almost insoluble acid potassium niobate is thrown down. On 
fusing niobic acid with sodium carbonate and boding the fusion with 
water, a crystalline acid sodium niobate remains undissolved. Garbon 
dioxide when passed into solution of sodium niobate precipitates all the 
niobic acid as an acid salt. 

Sodium metaphosphate dissolves niobic acid readdy. The bead held in 
the outer flame appears colorless as long as it is hot, but in the inner flame, 
it has a violet, blue, or brown color, according to the quantity of the acid 
present, and a red color on the addition of ferrous sulphate. The micro- 
scopic detection of niobium is accomplished by observing the crystals of 
sodium niobate (see Eaijshofeb, p. 104 , Behbens, Zeitschr. f. analyt. 
Ohem., 30, 161). 


For the best methods of detecting several, or possibly all, of the 
members of the third group in presence of each other, see Fart n, 
Section III 


§ 121 . 

FOXTBTH GBOUP. 

More oomnioii metals : ZiEO, Maegaeese, Nioeel, Cobai/t, 
Ibon. 

Karer elements : Ubaeidk, Thmudu, iKDtnii, GAiximu, 
VAEABnrM:. 

Properties of the Qrovp . — If they contain a stronger free 
acid in sufficient amonnt, solutions of the metals of the fourth 
group are not precipitated at all by hydrogen sulphide, nor 
are neutral solutions — ^at least not completely. Alkaline solu. 
tions, however, are completely precipitated by hydrogen sul- 


* Jahiesber. Uber die Fortschritte d. Cbemie, 188S, p. 1920. 
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phide ; and so are other solutions, if a sulphide of an alkali 
metal is used as the precipitant instead of hydrogen sul- 
phide.* The precipitates are hydrated sulphides correspond- 
ing to the oxides of the metal8.t TJiey are insoluble in water. 
Some of them are easily soluble in dilute acids, but others 
(nickel and cobalt sulphides) are very difficultly soluble. In 
alkali-metal sulphides, most of them are insoluble, while 
others are soluble, either slightly under certain circumstances' 
(nickel), or even completely (vanadium). 

The metals of the fourth group differ, accordingly, from 
those of the first and second groups in this, that their solutions' 
are precipitated by ammonium sulphide ; and from those of 
the third group, inasmuch as the precipitates produced by 
ammonium sulphide are sulphides, and not hydroxides, as is 
the case with aluminium, chromium, etc. 

Sp&AcH JSeactiona of the More Oormm. Mdcila of the Fourth 

Qrowp. 

§ 122 . 

o. ZiNO, Zn. {Ocoide, ZnO.) 

1. MwpATXT n zmc is bluish-white and very bright. When- 
exposed to the air, a thin coating of basic zinc carbonate forms 
gradually on its surface. It is of medium hardness, malleable 
at a temperature of between 100° and 160°, but otherwise 
more or less brittle. It fuses readily on charcoal before the 
blowpipe, boils afterwards, and bums with a bluish-green 
flame, giving off white fumes, and coating the charcoal sup- 
port -with oxide. Pure zinc scarcely dissolves in dilute hy- 
drochloric and sulphuric acids ; in very dilute nitric acid, it' 
dissolves vrith evolution of nitrous oxide ; and in more con- 
centrated nitric acid, with evolution of nitric oxide. Impure 

* Yaasdic acid behavea la a very peculiar tray with ammonium sulphide* 
(see § 138). 

t Alkali-metal sulphides precipitate a mixture of ferrous sulphide and 
sulidiur, from solutions of ferric salts. It is only when a ferric salt solution is. 
allowed to flow slowly into an excess of a sulphide solution that a hydrated, 
sulphide corresponding to ferric oxide is obtained (Bbbzbutjs). 
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zinc, or zinc winch is in contact with electro-negative metals, 
dissolves in dilute hydrochloric or sulphuric acid, with evolu- 
tion of hydrogen gas. 

2. ZiNO OXIDE and zinc hidboxide are usually white pow- 
ders, which are insoluble in water, but dissolve readily in 
hydrochloric, nitric, and sulphuric acids. Zinc oxide acquires 
a lemon-yellow tint when heated, but resumes its original, 
white color upon cooling. When ignited before the blowpipe, 
it glows with considerable brilliancy. 

3. The zmo salts are colorless or white if the acid causes 
no coloration. Part of them are soluble in water, and the 
rest in acids. The normal salts of zinc which are soluble in 
water redden litmus-paper, and those containing volatile 
oxygen acids are readily decomposed by heat, with the excep- 
tion of zinc sulphate, which can bear a dull red heat without 
undergoing decomposition. Zinc chloride is volatile at a red 
heat. 

4. From neutral solutions of zinc salts of strong acids, 
hydrogen sulphide precipitates a portion of the metal as white, 
hydrated zinc sulphide, ZnS. From solutions of neutral 
zinc salts of weak acids, however (e.g^., from zinc acetate 
solutions or from solutions of zinc salts of strong acids which 
contain normal salts of weak acids in sufficient amount, as 
sodium acetate, sodium formate, ammonium sulphocyanide), 
hydrogen sulphide precipitates all the zinc upon warming.. 
In acid solutions, no precipitate is formed if the free acid pres- 
ent is one of the stronger ones, and if it is present in sufficient 
amount. Alkali-metal acid sulphates only prevent the pre- 
cipitation when they are present in large amount. When they 
are present in smaller’ quantities, a part of the zinc is pre- 
cipitated. From a sufficiently dilute solution of zinc in acetic 
acid, formic acid (Delees, Hampb), monochloracetic acid 
(v. Bebg), or succinic acid (Alt and J. Sohulze), the ^c ia 
also precipitated, even if the acid is in excess. Warming to 
60° or 60° facilitates the precipitation. 

6. From neutral solutions, orMnoniuTn sidphids, and from 
alkaline solutions, hydrogen sulphide, throw down the whole 
of the metal as hydrated zino sulphide, in the form of a white 
precipitate. Ammonium chloride greatly promotes the separa- 
tion of the precipitate, which from very dilute solutions sepa- 
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rates only after long standing. This precipitate is not dis- 
solved by an excess of ammonium sulphide, nor by pc»tassium 
hydroxide or ammonia; but it dissolves readily in hydro- 
chloric, nitric, and dilute sulphuric acids. It is insoluble in 
acetic acid. 

6. rotasaivm and sodium hydroxides throw down ZINO Hl- 
DROXIDE, Zu(OH)j , in the form of a white, gelatinous precipi- 
tate, which is readily and completely redissolved by an excess 
of the precipitant. Upon boiling these alkaline solutions, they 
remain, if concentrated, unaltered ; but from dilute solutions, 
nearly the whole of the zinc hydroxide separates as a white 
precipitate. Ammonium chloride, added to alkaline solutions 
containing only a very small excess of potassium or sodium 
hydroxides, produces a white precipitate of zinc hydroxide, 
which, however, redissolves on addition of more ammonium 
chloride. Solutions which contain larger amounts of potassium 
or sodium hydroxides are not precipitated by ammonium 
chloride (difference from aluminium). 

7. In zinc solutions, if they do not contain a large excess 
of free acid, ammonia also produces a precipitate of zmo 
HYDROXIDE, which readily dissolves in an excess of the pre- 
cipitant. The concentrated solution turns turbid when mixed 
with water. On boiling the concentrated solution, a part of 
the zinc hydroxide separates, while on boiling the dilute 
solution, all of it precipitates. Ammonium salts interfere 
with or prevent these precipitations. 

8. S^ium oarioncde produces a precipitate of basio zino 
CARBONATE, which is insoluble in an excess of the precipitant. 
The composition of the precipitate varies according to the 
concentration and temperature of the solution and the excess 
of the precipitant. Presence of ammonium salts in great 
excess prevents the formation of this precipitate. 

9. Ammonium carbonate also produces a precipitate of basic 
ZINC CARBONATE, but this redissolves upon further addition of 
the precipitant. On boiling the dilute solution, a white pre- 
cipitate is produced. Ammonium salts hinder or prevent 
this precipitation. 

N-B. — Non-volatile organic acids interfere more or less with 
the precipitation of solutions of zinc by the caustic and car- 
bonated alkalies. Sugar does not prevent the precipitations. 
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10. In the cold, hariura carbonate fails to precipitate solu* 
tions of zinc salts, with the exception of the sulphate. 

11. Potassium cyanide precipitates white ziNO oyamub, 
Zn(CN)j. This dissolves in an excess of the precipitant. If 
the excess of potassium cyanide is not too great, potassium 
sulphide or sodium sulphide precipitates hydrated zinc sul- 
phide at once from this solution, while hydrogen sulphide or 
ammonium sulphide precipitates it slowly and incompletely. 

12. Potassiwm ferrocyanide throws down zinc feebocyanidb, 
Zn,Fe(ON)a , as a white, slimy precipitate, somewhat soluble 
in excess of the precipitant, but difficultly soluble in hydro- 
chloric acid. It is formed even in a solution to which tartaric 
acid and an excess of ammonia have been added. 

13. Potassium ferricyanide throws down zinc bbbriotanide, 
Zn,Fea(ON)ij , as a brownish orange-yellow precipitate, soluble 
in hydrochloric acid and in ammonia. 

14. If a mixture of a zinc compound with sodium carhononte 
is exposed to the reducing flame of the blowpipe, the char- 
coal support becomes covered with a coating of ziNO oxide, 
which presents a yellow color while hot, and turns white 
upon cooling. This coating is produced by the reduced 
metallic zinc volatilizing at the moment of its reduction, and 
being reoxidized in passing through the outer flame. The 
METAiiLio INOETTSTATION, obtained according to p. 35, is black, 
with a brown edge ; but the inoeustation oe oxide is white, 
and therefore invisible upon porcelain. They may be dis- 
solved in a little nitric acid and examined according to 15. 

15. If zinc oxide or one of the zinc salts is moistened 
with solution of cobalt nitrate^ and then heated before the 
blowpipe, an unfused mass of a beautiful green color is ob- 
tained, which is a compound of zinc oxide with cobalt oxide. 
If, therefore, in the first experiment described in 14, the coat- 
ing on the charcoal is moistened with cobalt solution and 
ignited, it appears green when cold. This test may be applied 
with great delicacy by mixing the solution to be tested with 
a very little of the cobalt solution (not enough to give a 
bright red color), adding sodium carbonate in slight excess, 
boiling, filtering off, washing, and igniting on platinum foil. 
On triturating the residue, the green color may be distinctly 
and readily observed (Bloxak), 
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16. In relation to tlie microscopic detection of zinc, see 
Haushoebe, p. 151 ; Beheens, Zeitsohr. f. analyi Ohem., 30 , 
142. 


§123. 

6. Mamganese, Mn. {Mangcmoua Oxide, MnO.) 

1. MnypAT.T.Tn manganese is whitish-gray, dnll, very hard, 
brittle, and fuses with very great difficulty. It oxidizes rap- 
idly in moist air, and in water with evolution of hydrogen, 
.and crumbles to a dark green powder. It dissolves readily 
in acids, forming manganous salts. 

2. Manganous ostde is light green, and manganous hy- 
droxide, Mn(OH), , is white. The former smoulders to brown 
mangano-manganic oxide, Mn,0, , when heated in the air ; the 
latter, even at the ordinary temperature, rapidly absorbs oxy- 
gen from the air and passes into brown mangano-manganic 
hydroxide. Both are readily soluble in hydrochloric, nitric, 
and sulphuric acids. The brownish-black manganic oxide, 
Mu,0,,and the black manganese dioxide, MnO,, dissolve to 
manganous chloride, with evolution of chlorine, when heated 
with hydrochloric acid; and to manganous sulphate, with 
evolution of oxygen, when heated with concentrated sul- 
phuric acid. 

3. The MANGANOUS SALTS are colorless or pale red if their 
acid produces no coloration. Part of them are soluble in 
water, and the rest in acids. The salts containing volatile 
oxygen acids are readily decomposed at a red heat, with the 
«xception of the sulphate, which withstands a red heat with- 
out decomposition. The solutions do not alter vegetable colors. 

4. Hydrogen sid/phide does not precipitate acid solutions, 
even if the weaker acids, such as acetic, formic, monochlor- 
acetic, or succinic acids, are present. Neutral solutions, also, 
are not precipitated, or are precipitated very imperfectly. 

5. From neutral solutions, a/mmoniwm sidpMde, and from 
alkaline solutions, hydrogen sulphide, throw down the whole 
of the metal as hydrated manganous sulphide, MnS.H,0, in 
form of a light flesh-colored, or (with small quantities) yellow- 
ish-white precipitate, which acquires a dark brown color in 
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the air, on account of oxidation. This precipitate is insol- 
uble in ammonium sulphide and in alkalies, but readily sol- 
uble in hydrochloric, nitric, and acetic acids. The separation 
of the precipitate is materially promoted by addition of a 
moderate amount of ammonium chloride. From very dilute 
solutions, the precipitate separates only after standing some 
time in a warm place. Ammonium oxalate, tartrate, but 
especially citrate, retard the precipitation, the latter salt also 
interfering with its completeness. In the presence of ammonia 
and ammonium sulphide in large excess, the flesh-colored hy- 
drated precipitate occasionally passes into the green, crystal- 
line sulphide, 3MnS.2HaO, even in the cold, the change being 
greatly facilitated by boiling, and being hindered more or 
less by the presence of ammonium chloride- Solutions con- 
taining much free ammonia should be nearly neutralized 
with hydrochloric acid before precipitating with ammonium 
sulphide. 

6. Potassium and sodium hydroxides produce whitish pre- 
cipitates of MANOANOUS HYDBOXiDE, Mn(OH), , wMoh upou ex- 
posure to the air speedily acquire a brownish and finally a 
deep blackish-brown color, owing to the conversion of the 
manganous hydroxide into mangano-manganic hydroxide by 
the absorption of oxygen from the air. Ammonia also pre- 
cipitates manganous hydroxide, but the precipitate never 
contains more than about half the manganese present (com- 
pare the analogous behavior of magnesium salts). Ammonia 
and ammonium carbonate do not redissolve this precipitate ; 
but presence of ammonium chloride in sufficient amount 
^entirely prevents the precipitation by ammonia, and renders 
incomplete that by potassium and sodium hydroxides. Of 
precipitates already formed, solution of ammonium chloride 
redissolves only those parts which have not yet undergone 
oxidation. The solution of the manganous hydroxide in am- 
monium chloride is due to the tendency of the manganous 
salts to form double salts with ammonium salts. The am- 
moniacal solutions of these double salts turn brown in the 
air, and deposit dark brown mangano-manganic hydroxide. 
This dissolves in a solution of acid potassium oxalate to a 
beautiful red solution containing potassium manganic oxalate. 
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7. If potasdvm or sodium hydroaMe or ammonia is added 
to a solution of a manganous salt, and a solution of hromine 
or of hydrogen peroxide is then added, all the manganese 
separates as brownish-black, hydrated manoarebe dioeide, 
MnO,.E,0. Heating facilitates the separation. Solutions of 
manganous salts containing sodium acetate are also precipi- 
tated by bromine upon heating. 

N.B. — Non-volatile organic acids may interfere with or 
prevent the precipitation of manganous hydroxide or man- 
ganese dioxide. Sugar interferes with or prevents the pre- 
cipitation as manganous hydroxide, but not as manganese 
dioxide. 

8. Ammonium carbonate precipitates white manoaeotxs car- 
bonate, MnC0,.H,0. After a considerable time, the precipi- 
tation is complete, even in presence of ammonium chloride. 
Sodium or potassium carbonate produces a white precipitate, 
which, according to circumstances, is eidbotts manoanotjs car- 
BONATE, manganous hydboxidb, or a mixtube op both. When 
freshly precipitated, this dissolves in ammonium chloride 
solution, but it is insoluble in an excess of the precipitant. 

N.B. — ^Non-volatile organic acids hinder or prevent the 
precipitations by the fixed alkali carbonates. The precipita- 
tion by ammonium carbonate is retarded but not prevented 
by them. 

9. Potassium ferrocyamde precipitates manganous iebboot- 
ANEDE, Mn,Fe(CN), , as a white precipitate, which is rather dif- 
ficultly soluble in hydrochloric acid. The precipitation also 
occurs in a freshly prepared, ammoniacal solution of a man- 
ganous salt, which contains ammonium tartrate (difference 
from iron, L. Blum). 

10. Potassium ferricyomde precipitates manganous eebbi- 
OIANIDE, Mn,Fe,(CN)„ , as a brown precipitate, which is but 
slightly soluble in cold hydrochloric acid and insoluble in 
ammonia. By boiling with a large excess of concentrated 
hydrochloric acid, the precipitate dissolves with decomposi- 
tion. 

11. If a few drops of a fiuid containing a manganous salt, 
and free from chlorine, are sprinkled on lead dioxide, and nitric 
acid free from chlorine is added, the mixture boiled and 
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allowed to settle, the fluid acquires a deep red color, from the 
formation of permanganic acid, HMnO^* (Hoppe-Seilee). 

12. Upon digestion in the cold, barium carbonate does not 
precipitate aqueous solutions of manganous salts, with the 
exception of manganous sulphate. 

13. If a manganese compound is treated with phosphoric 
acid, evaporated to syrupy consistence, and then (after the 
addition of a little potassium nitrate if a manganous com- 
pound is under experiment) it is heated more strongly, a 
violet mass is obtained, which is semi-liquid while hot and 
solid upon cooling, due to the formation of manganic phos- 
phate. This reaction is very delicate. 

14. If any compound of manganese in a state of minute 
division is fused with 2 or 3 parts of sodium carbonate on a 
platinum wire, or on a small strip of platinum foil (heated by 
directing the flame against the lower surface), or upon the 
cover of a platinum crucible in the outer flame of the Bunsen 
lamp, blowpipe, or blast-lamp, sodium manganate, NaaMnO^, 
is formed, which makes the fused mass appear gbeen while 
hot, and of a bluish-geeen tint after cooling, the mass at the 
same time losing its transparency. This reaction enables us 
to detect the smallest traces of manganese. It also succeeds 
very well with sodium peroxide (Hempel). 

15. In the outer gas or blowpipe flame, borax and sodium 
metaphosphate dissolve manganese compounds to clear violet- 
eed beads, which upon cooling acquire an amethyst-bed tint. 
They lose their color in the inner flame, owing to a reduction 
of manganic borate or phosphate to manganous salts. The 
borax bead appears black when containing a considerable 
portion of manganic borate, but that formed by sodium meta- 
phosphate never loses its transparency. The latter bead, 
also, loses its color in the inner flame of the blowpipe far 
more readily than the former. 

16. In relation to the microscopic detection of manganese, 
see Haushoeee, p. 96; Behkens, Zeitschr. f. analyt Ohem., 30, 
140. 


* Tbe lead dioxide should first he tested to find whether it is free from 
manganese, by evaporating with sulphuric acid until most of the excess of this 
is removed, and boiling with dilute nitric add and more of the lead dioxide. 
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c. Niokel, Ni. (Nickdoua OaMe, NiO.) 

1. Metallic niokel, when it has been fused, is jellowish- 
white, inclining to gray. It is bright, hard, malleable, dif- 
ficultly fusible, and does not oxidize in the air at the com- 
mon temperature, but oxidizes slowly upon ignition. It is 
attracted by the magnet, and may itself become magnetic. 
Upon the application of heat, it slowly dissolves in hydro- 
chloric and dilute sulphuric acids, with evolution of hydrogen 
gas, but it dissolves readily in nitric acid. The solutions con- 
tain niokelous salts. 

2. INiceelous eedboxide is light green, and remains unal- 
tered in the air, but is converted by ignition at a white heat 
into amorphous, green eioeeloits oxide (NiO). Both nickelous 
oxide and the corresponding hydroxide are readily soluble in 
hydrochloric, nitric, and sulphuric acids. The nickelous 
oxide which crystallizes in octahedrons is insoluble in acids, 
but dissolves in fusing potassium disulphate. Niceeuo 
OXIDE, Ni,0, , is black, aud dissolves in hydrochloric acid to 
nickelous chloride, with evolution of chlorine. By gentle igni- 
tion of the nitrate, nickelous oxide of a grayish-green color, 
and containing a little nickelic oxide, is obtained. 

3. Most of the EicxEions salts are yellow in the anhydrous, 
and green in the hydrated, state, their solutions being light 
green. They are decolorized by the addition of a certain 
amount of a cobaltous salt solution, 3Ni : ICo. The soluble, 
normal salts slightly redden litmus-paper. Generally, the 
oxygen salts containing volatile acids are readily decomposed 
by ignition, but nickelous sulphate withstands a low red heat. 

4. Hydrogen sulphide does not precipitate solutions of 
nickel salts with strong acids in presence of free acids. In 
the absence of the latter, a small portion of the nickel gradu- 
ally separates as black, hydrous eioxel sulphide, NiS. Nickel 
acetate is not, or is scarcely at all, precipitated in presence of 
free acetic acid, but in the absence of the free acid, the greater 
part of the nickel is thrown down by long-continued action of 
hydrogen sulphide. If the solution, however, contains a suf- 
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ficient amoant of alkali-metal acetate, the nickel is all pre- 
cipitated, even in the presence of free acetic acid, especially 
hy the action of hydrogen sulphide with the aid of heat Free 
formic and monochloracetic acids also prevent the precipita- 
tion, but if their alkali-metal salts are present, the precipita- 
tion, upon heating, is only prevented by considerable amounts 
of the free acids. 

6. Ammonium sulphide in neutral, and hydrogen sulphide 
in alkaline, solutions produce a black precipitate of hydrous 
moKEUi SULPHIDE, NiS, which is not altogether insoluble in 
ammonium sulphide, especially if the latter contains free am- 
monia. The fluid from which the precipitate has been thrown 
down usually exhibits, therefore, a brownish color, and upon 
neutralizing with acetic acid and warming, gives a slight 
precipitate of nickel sulphide. The presence of ammonium 
chloride, and especially of ammonium acetate, considerably 
promotes the precipitation. Ammonium sulphide which has 
been decolorized by sodium sulphite precipitates the nickel 
completely in the presence of ammonium salts and the absence 
of large amounts of free ammonia (Lecbenieb). Nickel sul- 
phide dissolves scarcely at all in acetic acid, with great diffi- 
culty in dilute hydrochloric acid, but readily in nitric and in 
nitro-hydrochloric acid upon application of heat. 

6. Potassium and sodium hydroxides produce a light green 
precipitate of niokelous hydroxide, Ni(OH), , which is insolu- 
ble in an excess of the precipitants, and unalterable in the 
air and on boiling (even in the presence of hydrogen peroxide, 
iodine, or alcohol). Ammonium carbonate dissolves this pre- 
cipitate, when filtered and washed, to a greenish-blue fluids 
from which caustic potash or soda reprecipitates the nickel as 
apple-green hydroxide. 

7. Ammonia added in small quantity produces a trifling 
greenish turbidity, but upon further addition of the reagent, 
this redissolves readily to a blue fluid containing a compound 
of NIOKELOUS SALT AND AJttMONiA. From this Solution, potassium 
and sodium hydroxides precipitate niekelous hydroxide. 
Solutions containing ammonium salts or free acid are not 
rendered turbid by ammonia. 

8. If the solution of a niokelous salt is treated with potas* 
sivm or sodium hydroxide^ and Jyromino-waier or a solution of 
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sodiwn is added in sufficient quantity, but not 

liydrogen peroxide or iodine (difference from cobalt), and beat 
is applied, all the nickel separates as black miokeuc htdbox- 
IDB, which dissolves immediately upon the addition of potas* 
sium cyanide, in the form of potassium nickelous cyanide. It 
is also reduced by a mixture of ammonia and ammonium 
chloride, going into solution as an ammonia-niokelous salt. 
The mixture just mentioned should be allowed to act upon 
the precipitate after the latter has been separated from the 
liquid. The solution takes place somewhat slowly in the 
cold, but quickly by heating. 

N.B. — The presence of non-volatile, organic acidr ind also 
of sugar prevents or interferes with the precipitation of nickel 
as nickelous or niokelic hydroxide. 

9. Potassium ferrocya/nMe precipitates from solutions 
of nickelous salts, greenish-white miokel febbooyaotde, 
NiJB'e(0N),, which is difficultly soluble ii hydrochlorio 
acid. 

10. Potassium ferricyanide precipitates yellowish-brown 
nickel febecoyakedb, which is difficultly soluble in hydro- 
chloric acid. In the presence of ammonium chloride or 
tartaric acid and an abundant excess of ammonia, a clear 
liquid is obtained, which is brownish-yellow or, if very dilute, 
pale yellow. 

IL Potassium cyanide produces a greenish precipitate of 
NICKEL OTAEIDB, Ni(CN), , which in an excess of the precipitant 
redissolves readily as a double nickel potassium cyanide, 
N'i(CN),.2KCN. The solution is brownish-yellow, and does 
not acquire a darker color on exposure to the air. If sul- 
phuric or hydrochloric acid is added to this solution, the 
potassium cyanide is decomposed, and the nickel cyanide 
reprecipitated, although from highly dilute solutions, it sep- 
arates only after some time. It is very difficultly soluble 
in an excess of the precipitating acids in the cold, but more 
readily oo upon boiling. If the solution of the double cyanide 
is rendered alkaline by sodium hydroxide, being also kept in 
this condition by a further addition of the latter if necessary, 
and chlorine is passed into it without warming, or bromine 
is added, the whole of the nickel gradually separates as black 
nickelic hydroxide. 
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12. On adding a solution of potassium tJmavrbonate,* to soln- 
iions which are not too dilute and which have been rendered 
alkaline bj ammonia, a deep brownish-red fluid is obtainedf 
which is barely translucent, and appears almost black by 
reflected light. If the solution of nickel is extremely dilute, 
the addition of the reagent will produce a yellowish-red color 
(0. D. Beack). The occurrence of this color in highly dilute 
solutions is characteristic of nickel. In the presence of cobalt, 
this reaction is almost or completely hidden, and it is more 
or less obscured in the presence of manganese and zinc. 

13. On digestion in the cold, barium carbonate does not 
precipitate solutions of nickel salts, solution of sulphate alone 
excepted. 

14. Potassiim nitrite with acetic acid does not throw down 
nickel, even from concentrated solutions. In the presence of 
calcium, barium, or strontium, however, a yellow, crystalline 
nitrite of potassium, nickel, and the alkali-earth metal is pre- 
cipitated from not too dilute solutions. The precipitate is 
difficultly soluble in cold water, but more readily so in hot 
water to a green fluid (KiInzei^ O. L. Bkdmakn). 

15. In the outer flame, horaas and sodium metaphof^hate 
dissolve compounds of nickel to clear beads. The borax bead 
is violet while hot, and reddish-brown when cold. The sodium 
metaphosphate bead is reddish or brownish-red while hot, 
and yellow or reddish-yellow when cold. Small amounts of 
cobalt hide the colorations. In the inner flame, the sodium 
metaphosphate bead remains unaltered, but the borax bead 
becomes gray and cloudy from reduced metal. On ooniinned 
heating, the particles of nickel collect together without fusing, 
and the bead loses its color. 

16. By the reduction in the studs of chmcodL, according to 
p. 34, the compounds of nickel yield, after trituration, white, 
•shining, ductile spangles, which attach themselves to the point 
of a magnetic knife in the form of a brush. With nitric acid, 
"they give a green solution, which can be further examined. 


* To prepare potaaaluiu thiocarbonste, K,OSt , aatiirate one balf of a solu- 
'don of potassium hydroxide oontainiuK about 5 per cent of this substance 
With hydrogen sulphide, add the other half, and digest at a gentle heat with 
^ of Its volume of carbon disulphide ; separate the dark red liquid from the 
Tindissolved carbon disulphide and preserve it In well-closed bottles. 



202 DEPORTMENT OF BODIES WITH REAGENTS. [§ 126. 


17. In relation to the microscopic detection of nickel, 
Hauseopeb, p. 63 ; Behrens, Zeitschr. f. analyt. Ghem., 30,. 


141. 


§125. 

d. Cobalt, Go. {Cdbaltoua Oadde, OoO.) 

1. Metaluc cobalt which has been fused is steel-gray^ 
rather hard, capable of taking a polish, malleable, difficultly 
fusible, and magnetic. It does not oxidize in the air at the 
common temperature, but it oxidizes at a red heat. With 
acids it behaves like nickel, and the solutions contain cobalt- 
ous salts. 

2. CoBALTOTTS OXIDE, CoO, is light brown ; cobaltous hy* 
droxide is a pale red powder. Both dissolve readily in 
hydrochloric, nitric, and sulphuric acids. Oobaltio oxide,, 
CojO,, is black, and dissolves in hydrochloric acid to cobalt- 
ous chloride, with evolution of chlorine. 

3. The COBALTOUS SALTS containing water of crystallization 
are red; the anhydrous salts are mostly blue. Moderately 
concentrated solutions appear of a light red color, which they 
retain when considerably diluted. The soluble normal salts 
redden litmus slightly ; the salts containing volatile oxygen 
acids are generally readily decomposed at a red heat, although 
cobaltous sulphate can bear a moderate red heat without 
suffering decomposition. When a solution of cobaltous 
chloride is evaporated, the light red color changes to blue 
toward the end of the operation, but addition of water restores 
the red color. 

4. Hydrogen svlphide does not give precipitates in solutions 
of salts with strong acids, if they contain free acid, but from 
neutral solutions, it gradually precipitates part of the cobalt 
as black, hydrous cobaltous sulphide, GoS. Cobaltous acetate 
does not give a precipitate, or gives only a very slight one, in 
presence of free acetic acid ; but in the absence of free acid, 
the metal is almost or completely precipitated. If the solu- 
tion, however, contains an alkali-metal acetate in sufficient 
amount, all the cobalt is thrown down, even in the presence- 
of free acetic acid, especially by the action of hydrogen. 
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sulphide with the aid of heat. Free formic and monochlora. 
cetic acids also prevent the precipitation ; but if alkali-metal 
salts of these acids are present, the precipitation is prevented 
only by larger amounts of the acids. 

5. Aw/ffionvwtTi BuLpTiM,e from neutral, and hydrogen sul« 
phide from alkaline, solutions precipitate the whole of the 
metal as black, hydrous oobaltous sulphide, CoS. Ammo- 
nium chloride promotes the precipitation most materially. 
Oobaltous sulphide is insoluble in alkalies and ammonium 
sulphide, scarcely soluble in acetic acid, very difficultly so 
in hydrochloric acid, and almost not at all if the cobalt sul- 
phide has been precipitated at a boiling temperature. Nitric 
acid, as well as nitro-hydrochloric acid, dissolve cobalt, 
sulphide upon heating. 

6. Potaaaium and sodium hydroxide produce blue precipi- 
tates of BASIC COBALTOUS SALTS, which are insoluble in an 
excess of the precipitant when the dilution is sufficient. 
They become dirty green and afterwards grayish-yellow in 
the air, in consequence of the absorption of oxygen. Upon 
boiling, they are converted into pale red oobaltous htoboxede, 
which contains alkali, and generally appears rather discolored 
from cobaltic hydroxide formed in the process. If, before 
boiling, alcohol is added, the precipitate is rapidly converted 
into dark brown cobaltic hydroxide. Ammonium chloride, if 
present in sufficient amount, prevents the precipitation by 
caustic alkalies. Normal ammonium carbonate completely 
dissolves the washed precipitates of cobaltous basic salts or 
cobaltous hydroxide to intense violet-red fluids, in which a 
somewhat large proportion of caustic potash or soda pro- 
duces blue precipitates, the liquids still retaining their violet 
colors. However, if very coTicentrated potassium hydroxide 
solution is added in excess to the solution of a cobaltous 
salt, or if cobaltous hydroxide is heated with very little 
water and a piece of solid potassium hydroxide, the cobaltous 
hydroxide dissolves as such (Donate) to a blue liquid. 

7. Ammonia produces the same precipitate as potassium 
hydroxide, but this redissolves in an excess of the ammonia, 
(leaving behind green flocks) to a brownish-yellow fluid, which 
turns brownish-red on exposure to the air, and from which 
caustic potash or soda throws down a portion of the cobalt. 
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as blue basic saJi Ammonia produces no precipitate in solu- 
tions containing ammonium salts or a free acid. 

8. If the solution of a oobaltons salt is treated with potas^ 
sium or sodium hydroxide, and then hromim-vxder, a solution 
of sodium hypochlorite, hydrogen peroxide, or iodine is added, 
and the solution is boiled, all the cobalt separates (if the 
dilution is sufficient) as brownish-black oobaltio hydroxide. 
This is not soluble either in a mixture of ammonia and 
ammonium chloride or in potassium cyanide, but if nickelio 
hydroxide is present at the same time in large amount, 
potassium cyanide dissolves the cobaltio hydroxide with the 
nickelio hydroxide. 

N.B. — The presence of non-volatile organic acids or of 
sugar interferes with or prevents the precipitation of cobalt 
as cobaltous or cobaltio hydroxide. 

9. From oobaltons solutions, potassium ferrocyanide throws 
down green oobadtous perrooyantde, OojFe(ON)., which is 
diffiouhly soluble in hydrochloric acid. 

10. Potassium ferricyanide throws down cobaltous eebri- 
OYANIDE, which is hardly soluble at all in hydrochloric acid. 
If the oobaltons solution is first treated with tartaric acid or 
ammonium chloride, and then with ammonia in excess, so 
that a clear, strongly ammoniaoal liquid is produced, and 
potassium ferricyanide is then added, a deep yellowish-red 
solution is obtained with rather concentrated cobalt solu- 
tions, the color of which can be recognized even at a great 
degree of dilution (Skey, Gintl). The reaction is very deli- 
cate, and well adapted for detecting cobalt in presence of 
nickel. 

11. Addition of potassium cyamde gives rise to the forma- 

tion of a brownish-white precipitate of oobaltotjs oyanide, 
Co(ON), , which dissolves readily in excess of the precipitant 
as a double potassium cobaltous cyanide. Acids precipitate 
cobaltous cyanide from the solution, but if the latter is 
boiled with potassium cyanide in excess, in presence of free 
hydrocyanic acid (liberated by addition of a drop or two of 
hydrochloric acid), or if it is mixed with potassium or sodium 
hydroxide and chlorine is passed through it without warm- 
ing, or bromine water is added, the double cyanide is con- 
verted into potassium oobalticyanide, , and acids 
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will now produce no precipitate (essential difference from 
nickel). Potassium nitrite and acetic acid added to the unal- 
tered solution of the double cjanide produce a blood-red 
color, in consequence of the formation of cobalt potassium 
nitrocyanide, but when the liquid is very dilute, the color is 
merely orange-red. Solution of sodium hydroxide added to 
the potassium cobaltous cyanide solution occasions a brown 
color when the fluid is shaken, oxygen being absorbed (O.D. 
Braun) ; while if it is treated with yellow ammonium sulphide, 
it assumes a blood-red color (Tattebsall and Papasogli). By 
the latter reaction, cobalt is essentially distinguished from 
nickel. 

12. Potassium thiocarboyiate^ added to solutions which 
have been rendered alkaline by ammonia, produces a dark 
brown, almost black, color, but if the solution is extremely 
dilute, a wine-yellow color. 

13. Barium carhor/xte behaves to cobaltous solutions in the 
same way as to solutions of nickelous salts. 

14. If potassium nitrite is added in not too small propor- 
tion to the solution of a cobaltous salt, then acetic acid to 
strongly acid reaction, and the mixture put in a moderately 
warm place, all the cobalt separates (from concentrated solu- 
tions very soon and from dilute solutions after some time) in 
the form of a crystalline precipitate of a fine yellow color 
(Fischer, Stromeveb). This is called Fischer’s salt, or, 
according to Stromever, potassium oobalho hiteite. Various 
views prevail concerning its composition, the following being 
the most probable formula: 2K,Oo(NO,),.3H,0. The pre- 
cipitate is very perceptibly soluble in pure water, scarcely so 
in concentrated solutions of potassium salts and in alcohol, 
and insoluble in the presence of potassium nitrite. When 
boiled with water, it dissolves, though not copiously, to a red 
fluid, which remains clear upon cooling, and from which 
ftnrftliftB throw down cobaltous hydroxide. This is an excel- 
lent reaction, which serves well to distinguish and separate 
cobalt from nickel. 

15. Upon adding an equal volume of hydrochloric acid of 
20 per cent hydrogen chloride to a solution containing cobalt 
as sulphate or chloride, warming, and adding a hot solution 
■of mtroao-P-wn/pMhol in 60 per cent acetic acid, a voluminous, 
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purple-red precipitate of cobalti-nitroso-^-iiaplitliol is formed 
(essential difference and means of separating cobalt from 
nickel, the salts of the latter not being precipitated in the 
presence of a sufficient amount of hydrochloric acid). Care 
should be taken not to confuse with cobalti-nitroso-^- 
naphthol a slight separation of nitroso->5-naphthol, which 
may take place upon adding an abundant amount of its acetic 
acid solution to hot water containing hydrochloric acid. 
Cobalti-nitroso-yff-naphthol, (Oi^H,ONO),Oo, is stable in the 
highest degree towards acids, alkalies, and oxid i zing and 
reducing agents. By warming it with ammonium sulphide, 
howeyer, cobalt sulphide is formed (Ilinski and von Knoebe)* 

16. In the inner and outer flames, horax dissolves com- 
pounds of cobalt to clear beads of a magniflcent blue color, 
which appear violet by candle-light, and are almost black in 
the presence of a large quantify of cobalt. This test is as 
delicate as it is characteristic. Sodium meta^Jioaphaie gives 
the same reaction, but it is less delicate. 

17. In the reduction with the stick of charcoal^ according 
to p. 36, compounds of cobalt behave in the same way as 
compounds of nickel. The solution with nitric acid is red. 

18. Concerning the microscopic detection of cobalt, see 
Haushoeeb, p. 63; Behbens, Zeitschr. f. analyt. Ohem., 30^, 
140. 


§ 126. 

a. Ieon, Pe, m Feebous Compounds. {Ferrous Oxnde, FeO.) 

1. Metallio ieon in the pure state has a light whitish- 
gray color (iron containing carbon is more or less gray). The 
metal is hard, lustrous, malleable, ductile, exceedingly diffi- 
cult to fuse, and is attracted by the magnet In contact with 
air and moisture, a coating of rust (ferric hydroxide) forms on 
its surface, and upon ignition in the air, a coating of black 
ferrous-ferric oxide, Fe 30 *,is produced. Hydrochloric and 
dilute sulphuric acids dissolve iron, with evolution of hydro- 
gen ; if the iron contains carbide, the hydrogen is mixed with 
hydrocarbons. The solutions contain ferrous salts. Dilute 
nitric acid dissolves iron (according to its relative quantity,, 
the degree of dilution, and the temperature) either without. 
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tlie evolution of gas, but witk the formation of ammonium 
nitrate, to ferrous nitrate, or with the evolution of nitrous or 
nitric oxide, to ferric nitrate. If the iron contains carbide^ 
some carbon dioxide is also evolved, and there is leTt undis- 
solved a brown substance resembling humus, which is soluble 
in alkalies ; when graphite is present, it, also, is left behind. 

2. Ferbous oxide is black; ferrous hydroxide is white, 
and in the moist state absorbs oxygen and speedily acquires 
a grayish-green and ultimately a brownish-red color. Both 
ferrous oxide and ferrous hydroxide are readily dissolved by 
hydrochloric, sulphuric, and nitric acids. 

3. In the anhydrous state, the peerotjs salts have a white, 
in the hydrated state a greenish, color, but their solutions look 
greenish only when concentrated. The solutions absorb oxy- 
gen when exposed to the air, and are converted more or less 
completely into ferric salts, with precipitation of basic ferric 
salts. Chlorine, bromine, hydrogen peroxide, or nitric acid, 
upon boiling, convert them quickly and completely into fer- 
ric salt solutions. In relation to the brownish-black colora- 
tion of the solution, which appears transiently during the 
oxidation by nitric acid, compare nitric acid. Section III. 
The soluble, normal ferrous salts do not redden litmus-paper, 
but this is the case only when they are entirely pure and 
free from ferric salts. Ferrous salte which contain volatile 
oxygen acids are decomposed by ignition. 

4. Solutions of ferrous salts made acid by strong acida 
are not precipitated by hydrogen sulphide; nor are neutral 
solutions or solutions acidified with weak acids precipitated 
by this reagent, or at the most but very incompletely. Solu- 
tions containing sodium acetate and some free acetic acid 
are only very incompletely precipitated, even upon heating. 
Monochloracetic or formic acid, added in sufficient amount, 
prevents the precipitation, even when alkali-metal salts of 
these acids are present. 

6. ATrmomum sulphide from neutral, and hydrogen sul- 
phide from alkaline, solutions, precipitates the whole of the 
metal as black, hydrous pebboub sulphide, FeS, which is insol- 
uble in the hydroxides and sulphides of the alkali-metals, but 
dissolves readily in hydrochloric and nitric acids. This black 
precipitate turns reddish-brown in the air by oxidation. Ta 
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liighly dilute solutions, ammonium sulphide imparts a green 
color, and it is only after some time that the ferrous sulphide 
separates as a black precipitate. Ammonium chloride pro- 
motes the precipitation most materially. 

6. Potassium hydroxide, sodium hydroxide, and ammonia 
produce a precipitate of ferrous hydroxide, Fe(OH)a, which 
at the first moment looks almost white, but acquires after a 
very short time a dirty green and ultimately a reddish-brown 
color, owing to absorption of oxygen from the air. Presence 
of ammonium salts partly prevents the precipitation by potas- 
sium hydroxide, and wholly prevents that by ammonia. If 
alkaline ferrous solutions thus obtained by the agency of 
ammonium salts are exposed to the air, ferrous-ferric and 
ferric hydroxides precipitate. Non-volatile organic acids, 
sugar, etc., check or prevent the precipitation by alkalies. 

7. Potassium ferrocyanide produces a bluish- white precipi- 
tate of POTASSIUM FERROUS FERROCYAIUDE, which 

by absorption of oxygen from the air speedily acquires a 
blue color. Nitric acid or chlorine converts it immediately 
into Prussian blue : 3KjFe,(PeC4Na)a + 901 = 6KC1 -f- PeOl, + 
2Pe^(FeO,N,)3. The precipitate also forms in an ammoniacal 
solution containing ammonium tartrate. 

8. Potassium ferricyanide produces a magnificent, blue 
precipitate of ferrous ferricyancde (Turnbull’s blue), Fe,(Fe 
C^Nj),. This does not differ in color from Prussian blue. It 
is insoluble in hydrochloric acid, but is readily decomposed 
by potassium hydroxide. In highly dilute solutions, the re- 
agent produces simply a deep blue-green coloration. 

9. Potassium sulphx)cyomde does not alter solutions of fer- 
rous salts when free from ferric salts. 

10. In the cold, ba/rium carbonate does not precipitate solu- 
tions of ferrous salts, with the exception of the sulphate. 

11. Borax dissolves ferrous compounds in the oxidizing 
flame, giving beads varying in color from yellow to a dark 
red ; when cold, the beads vary from colorless to dark yel- 
low. In the inner flame, the beads change to bottle-green, 
owing to the reduction of the previously formed ferric borate 
to ferrous-ferric borate. Sodium Tmtaphosphate shows a simi- 
lar reaction. Upon cooling, the beads produced with 
reagent lose their color still more completely than those pro- 
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duced ‘with borax, and the signs of the ensuing reduction in 
the reducing flame are also less marked. 

12. When reduced in the stick of charcoal (p. 34), ferroua 
compounds give a dull black powder, which is attracted by a 
magnet. When dissolved in a few drops of aqua regia, the 
reduced metal gives a yellow fluid, which can be further 
tested according to § 127. 

13. Concerning the microscopic detection of ferrous iron, 
compare HAUSEOFEiB, p. 49. 


§ 127. 

/. Iron, Pe, m Pebsio Oompototos. {Ferric Oxide, Pe,0,.) 

1. Native, crystallized pebrio oxide, Fe,0,, is steel-gray. 
Upon trituration, the native as well as the artificially pre- 
pared ferric oxide gives a brownish-red powder. The color 
of the ferric hydroxides is more inclined to reddish-brown. 
Perric hydroxide dissolves in hydrochloric, nitric, and sul- 
phuric acids. The oxide is more difficultly soluble, but 
dissolves upon long digestion with the aid of heat, especially 
in hydrochloric acid, and by fusion with potassium disul- 
phate. PEBBOxrs-EEBBia OXIDE, Pe,0, , is black, and dissolves 
in hydrochloric acid to ferrous and ferric chlorides, and in 
aqua regia to ferric chloride. 

2. The normal, anhydrous Pebbio salts are nearly white, 
but the basic salts are yellow or reddish-brown. The color of 
the solutions is brownish-yellow, and becomes reddish-yellow 
upon the application of heat. The soluble, normal salts redden 
litmus-paper. The ferric salts of volatile oxygen acids are 
decomposed by ignition. 

3. In solutions made acid by stronger adds, hydrogert 
aidyhide produces a milky-white turbidity, proceeding from 
separated stiLPHina, the ferric salt being at the same time 
converted into ferrous salt; ' Fe,(S 04 ), -V H,S = 2FeSO, 
H.SO4-I-S. 

If a solution of hydrogen sulphide is rapidly added to 
neutral solutions, a transient bluing of the fluid also occurs. 
From solution of normal ferric acetate, hydrogen sulphide 
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throws down the greater part of the iron j but in presence of 
a sufficient quantity of free acetic acid, sulphur alone sepa- 
rates. Upon treatment with hydrogen sulphide in the cold, 
a solution of a ferric salt containing so^um acetate and 
much free acetic acid gives scarcely anything but a separation 
of sulphur, but when warm, a part of the iron may precipitate 
as ferrous sulphide. Monochloracetic acid and formic acid, 
when present in sufficient amount, prevent the precipitation, 
even when the alkali-metal salts of these acids are present, 
and when the liquids are heated. 

4. A.niTtiiOnium sulphide from neutral, and hydrogen sul- 
phide from alkaline, solutions precipitate the whole of the 
metal as black fbeeous scuphide, FeS, mixed with sulphur : 
2FeCl, + 3(NH,)jS = 6NH,01 + 2FeS + S. In very dilute 
solutions, the reagent produces only a blackish-green colora- 
tion, and in such cases, the minutely divided ferrous sulphide 
subsides only after long standing. Ammonium chloride 
most materially promotes the precipitation. The properties 
of ferrous sulphide have been given under ferrous com- 
pounds. 

6. JPotassium hydroxide, sodium hydroxide, and ammonia pro- 
duce bulky, reddish-brown precipitates of feemo hydboxcde, 
Fe(OH),, which are insoluble in an excess of the precipitant 
as well as in ammonium salts. Non-volatile organic acids or 
sugar, when present in sufficient quantity, entirely prevent 
the precipitation. 

6. Even in highly dilute solutions, ptdassivm ferrocyamde 
produces a magnificent blue precipitate of fbebio febeoot- 
jjjudb (Prussian blue), Fe,(PeO,N,), ; 4F601, -|- 3K4F6(01?). 
= 12KC1 -|- Fe,(FeO,N,),. This is insoluble in hydrochloric 
acid, but is decomposed by potassium hydroxide, with sepa 
ration of ferric hydroxide. Prussian blue is somewhat soluble 
in an excess of potassium ferrocyanide. In solutions contain- 
ing very much hydrochloric acid, or in neutral solutions con- 
taining very much ammonium chloride, small amounts of 
ferric compounds cannot be detected by means of potassium 
ferrocyanide. In the solutions containing ammonium chlo- 
ride, the reaction makes its appearance only upon the addi- 
tion of some hydrochloric s>oid (Vuijpiijs). Solutions of ferric 
salts which have been made ammoniaoal after the addition 
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of tartaric acid are not precipitated by potassium ferrocyanide 
(difference from manganese, L. Blum). 

7. Potassium ferricyanide deepens the color of solutions of 
ferric salts to reddish-brown, but it fails to produce a pre- 
cipitate. 

8. Potassium sulphocyanide, if not added in too small a 
quantity, imparts to acid solutions a most intense, blood-red 
color, arising from the formation of a soluble potassium febrio 
suiiPHOOTANiDE (Kbuss and Mobaht). This color does not 
disappear on the addition of a little alcohol and warming 
•(difference from the analogous reaction of nitrous acid, § 189). 
Solutions of ferric salts containing sodium acetate (which con- 
sequently are more or less red from ferric acetate) do not 
.show the blood-red color of the sulphocyanide till after the 
addition of much hydrochloric acid. The same is the case 
when the solution contains oxalic, tartaric, citric, malic, iodic, 
phosphoric, arsenic, and hydrofluoric acids. In the presence 
of nitric acid, the reaction must be carried out in the cold. 
'This test will indicate the presence of iron, even in fluids 
which are so highly dilute that every other reagent fails to 
produce in them the slightest visible alteration. In such 
oases, the red coloration may be detected most distinctly by 
resting the test-tube upon a sheet of white paper, and looking 
through it from the top. The delicacy of the reaction may be 
also increased by shaking gently with ether, after the addition 
of hydrochloric acid and of excess of potassium sulphocyanide 
solution freshly prepared from the crystals. The ferric sul- 
phocyanide dissolves in the ether, and the layer of the latter 
aicquires a more or less red color. 

9. If a small amount of the solution of a ferric compound 
.is added to the blue liquid obtained by adding a little ccibaU 
^ihLoride or mtrate to fvmmg TiydrocJdoric add, the blue color 
changes to green. The reaction is especially adapted for 
recognizing ferric compounds in acids or in the presence of 
ferrous salts (Venable). 

10. Even in the cold, harmm carbonate precipitates all the 
iron as febbio hxdroxide mixed with a basic salt. 

11. The reactions before the Uowpijpe are the same as with 
•the ferrous compounds. 

12. In reference to the microscopic detection of ferric 
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compoonds, see Hattshofee, p. 48 ; Bbhebns, Zeitschr. f. 
analyt. Ohem., 30, 160. 


§ 128. 

Reoot/pitiAaUon and Remot/rTis . — In carrying ont analyses, the 
members of Group IV are generally obtained as hydrated 
sulphides by precipitating their solution with ammonium sul- 
phide. We shall first consider the methods by which the 
metals contained in such a precipitate can generally be best 
separated from each other and detected when all are present, 
on the basis of the reactions which have been described in 
the preceding paragraphs, and then we shall mention some 
further methods, which offer special advantages in certain 
cases. 

1. Since cobalt and nickel sulphides are but slightly 
soluble in dilute hydrochloric acid, especially if it contains 
hydrogen sulphide, while ferrous sulphide and manganese 
and zinc sulphides are readily soluble in it, it is generally 
most convenient to separate cobalt and nickel, or at least by 
far the greater portion of them, upon this basis. For this 
purpose, the moist precipitate of the sulphides is treated with 
a mixture of 6 parts of hydrogen sulphide water and 1 part 
of ordinary hydrochloric acid of 1.12 sp. gr.,* with active 
stirring, but without warming. Nickel and cobalt sulphides 
then remain almost completely undissolved, while the other 
sulphides dissolve as chlorides, with the evolution of hydro- 
gen sulphide. The precipitate is filtered off and washed with 
water, to which it is best to add a little hydrogen sulphide 
water. 

We shall next consider the precipitate which remained 
undissolved and afterwards the liquid which was filtered 
from it. 

2. Since cobalt can be separated from nickel only by 
having both in solution, it is first necessary to dissolve the 
precipitate. It is therefore best to dry the filter containing 

* If the piedpitste contdns a considerable amount of otber snipbides, the 
hydrochloric acid may be diluted with water instead of hydrogen sulphide 
water, in this case, because a sufficient amount of hydrogen sulphide k 
evolved during the treatment. 
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the precipitate, then ignite it with access of air in a porce* 
Iain crucible, until the carbon of the filter has been consumed, 
and warm the residue with hydrochloric acid with the 
addition of a few drops of nitric acid. If much iron was 
present, this solution usually contains a small amount of this 
metal, together with the cobalt and nickel. After the addition 
■<>f water, therefore, it is treated with ammonia in moderate 
excess, and filtered if necessary. The ammoniacal solution is 
evaporated to dryness in a small porcelain dish, the ammo- 
nium salts are driven off by gentle ignition, the residue is 
dissolved in hydrochloric acid with a few drops of nitric acid, 
the solution is evaporated to a small volume, sodium car- 
bonate is carefully added to alkaline, then acetic acid to 
strongly acid, reaction, and finally potassium nitrite (§ 125, 14). 
By allowing the liquid to stand at a gentle heat, the cobalt 
separates quickly if it is present in considerable amount, or 
after a longer time if only a little is present, in the form of 
yellow potassium cobaltic nitrite. A filtration is made after 
about 12 hours, and the nickel in the filtrate is precipitated 
with potassiuip or sodium hydroxide. For the sake of cer- 
tainty, both precipitates should be tested in the borax bead 
(§ 125, 16, and § 124, 15). The separation of cobalt from nickel 
by means of nitroso-y5-naphthol more readily gives occasion 
for mistakes. 

3. The solution filtered from the precipitate of cobalt and 
nickel sulphides contains the iron as ferrous chloride, also 
manganous and zinc chlorides, as well as small amounts of 
cobalt and nickel chlorides. Since iron can be easily sepa- 
rated from the other metals only when it is present as a ferric 
compound, the liquid is first boiled in order to drive off the 
hydrogen sulphide, and nitric acid is added to the gently 
boiling solution until the ferrous chloride is completely con- 
verted into ferric chloride. In case of doubt, the testing of 
a few drops with potassium ferricyanide leads to certainty. 
The solution is now allowed to cool, and the iron is separated 
as a basic ferric salt. For accomplishing this end, one of the 
following methods may be chosen : 

a. The free acid is almost neutralized by the careful addi- 
tion of soditim .carbonate ; barium carbonate, suspended in 
water, is then added until a small portion of it remains undis^ 
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solved; it is well stirred, allowed to settle, and filtered, 
i. The solution is diluted sufficiently, a rather large quantity 
of ammonium chloride is added, then ammonium carbonate 
carefully, using at last a dilute solution of it, until the liquid, 
while still showing an acid reaction, begins to be turbid. The 
liquid is then heated to boiling for a short time, allowed to 
settle somewhat, and filtered hot. c. The solution is diluted, 
sodium carbonate is added until the acid is almost neutral- 
ized, sodium acetate is added to the solution, which should 
be clear and have a distinct acid reaction ; it is then heated 
to boiling, allowed to settle a little, and filtered hot. 

Whichever of these methods is used, the ochre-like color 
of the precipitate generally allows the presence of iron to be 
recognized conclusively. In case of doubt, a portion of the 
precipitate may be dissolved in hydrochloric acid, and the 
diluted solution tested with potassium ferrooyanide or sul- 
phocyanide, 

4. The liquid filtered from the basic ferric salt now con- 
tains manganous chloride, zinc chloride, and small amounts of 
cobalt and nickel chlorides. For the separation of manganese 
from the other metals, the solubility of manganous sulphide 
in acetic acid offers a good means. Upon this basis, the 
reparation may be made according to one of the following 
methods ; 

a. To the solution contained in a small flask, after the 
addition of ammonium chloride, ammonia is added to alka- 
line reaction, then ammonium sulphide; it is allowed to 
stand at a gentle heat, filtered, the precipitate is washed with 
water, to which a little hydrogen sulphide water is added ; 
the filter containing the precipitate is then spread out in a 
small porcelain dish ; a mixture of about equal parts of acetic 
acid of 1.04 sp. gr. and water is poured over it ; this is allowed 
to act about five minutes, when it is diluted with water, fil* 
tered, and the precipitate is washed. 6. (This is a more exact, 
but somewhat more complicated method.) If barium car- 
bonate has been used for separating the iron, it is best, in 
the first place, to remove the barium from the solution by 
means of sulphuric acid. Ammonia is added in excess to the 
solution, then acetic acid to acid reaction ; sodium acetate is 
next added, and hydrogen sulphide is passed into the solu* 
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tiou while hot ; it is now allowed to settle, filtered, and the 
precipitate washed. 

In either case, the manganese, in the form of manganons 
acetate, is now in a solution which contains some free acetic 
acid and hjdrogen sulphide, and may be separated from it, 
or, by adding ammonia and ammonium sulphide, so as to pre> 
cipitate the manganese as sulphide; yS, by evaporating the 
solution and precipitating the manganese as manganous or 
mangano-manganic hydroxide by the addition of potassium 
hydroxide ; y, by adding some bromine in hydrochloric acid 
to the solution until it is colored strongly yellow, then pre- 
cipitating the manganese as hydrated dioxide by adding an 
excess of ammonia and boUing. Of these methods, the latter 
possesses greater delicacy, as well as the additional advantage 
that the brownish-black color of the precipitate generally 
makes further testing unnecessary. For confirmation, a small 
portion of the precipitated manganese compound may be 
fused with sodium carbonate according to § 123, 14. 

6. The precipitate left undissolved by treating with acetic 
acid according to 4, a, or produced by hydrogen sulphide 
from the solution acidified with acetic acid according to 4, b, 
-contains zinc sulphide, the white color of which is more or 
less concealed by the small quantities of cobalt and nickel sul- 
phides which are mixed with it. In order to detect the zinc, 
-the filter containing the precipitate is spread out in a porcelain 
-dish, and a mixture of about 6 parts of hydrogen sulphide 
water and 1 part of ordinary hydrochloric acid of 1.12 sp^ 
gr. is poured over it, allowed to act for a few minutes, and 
then the liquid containing the zinc as chloride is filtered 
from the nickel and cobalt sulphides remaining undissolved. 
If an excess of sodium acetate is now added to the filtrate, 
sodium chloride and acetic acid are formed by its action upon 
the hydrochloric acid ; and since the liquid already contains 
hydrogen sulphide, the zinc separates as white zinc sulphide. 
The latter is free from the minute traces of nickel and cobalt 
which had gone into solution in hydrochloric acid, because 
-their sulphides are not precipitated in the cold, under the 
prevailing conditions. If so little cobalt and nickel had been 
present that they were not found in 2, the sulphides remain- 
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ing behind in 5 should be tested for these metals according ta 
the method given in 2. 

We now pass on to other methods which offer advantages 
in certain cases. If it is desired to separate small amounts 
of iron in the ferric condition from the other metals of the 
fourth grop"^, the end is readily reached by adding ammo- 
nium chloriue and ammonia in moderate excess in the cold, 
and quickly filtering off the small amount of ferric hydroxide 
which separates. By delaying the filtration, a part of the 
manganese would separate with the iron as manganic hydrox- 
ide, in consequence of the action of the oxygen of the air. If 
this precitate is dissolved again in hydrochloric acid, the 
solution heated to boiling for some time, and then another 
precipitation made in the cold with an excess of ammonia, 
the separation of iron from the other metals is almost com- 
plete. In the presence of more considerable quantities of 
iron, the method is not to be recommended, because certain 
amounts of other hydroxides always precipitate with the 
ferric hydroxide, so that by the use of this process small 
quantities of other metals may be entirely overlooked. 

If it is desired to separate zinc from the other metals of the 
fourth group, one of the following methods may also be used : 
a. The solution is sufficiently diluted, the greater part of any 
free acid that may be present is neutralized with ammonia, 
ammonium monochloracetate and a little free monochloracetio 
acid are added, and a precipitation of zinc with hydrogen sul- 
phide is made at a temperature of from 60® to 60®. The^ other 
metals remain in solution. 6. Sodium carbonate is added to« 
the solution until a permanent precipitate just begins to form, 
this is redissolved in a few drops of dilute hydrochloric acid, 
sodium thiosulphate is added in not too small amount, the 
solution is ' Tgely diluted, and hydrogen sulphide is passed 
in in the cold. Zinc precipitates as zinc sulphide, while 
the other metals remain in solution (J. Eiban). c . If large 
amounts of zinc are to be separated from small amounts of 
the other metals, the solution may also be treated with 
potassium or sodium hydroxide. If an excess of this is 
added, the precipitated zinc hydroxide redissolves, while the 
hydroxides of the other metals remain behind. Zinc can bC' 
precipitated from the solution with ammonium sulphide^ 
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This method seldom offers special advantages, because not 
inconsiderable (Quantities of zinc remain behind in the un- 
dissolved precipitate. The process would be entirely in- 
admissible if chromic hydroxide were present at the same 
time, since solutions of the latter and of zinc hydroxide 
in potassium or sodium hydroxide mutually precipitate each 
other. 

Since a brown coloration of the liquid (which may occur 
in the presence of nickel when the precipitate obtained by the 
addition of ammonium chloride, ammonia, and ammonium 
sulphide to the solution of the metals of the fourth group is 
filtered) is a sufficient indication of the presence of nickel; 
and since it is often possible to recognize cobalt with cer- 
tainty in the presence of nickel, by testing a little of the 
residue obtained after removing the ammonium salts accord- 
ing to 2, by means of the borax bead in the reducing fiame, 
the separation of cobalt from nickel given above in 2, which 
requires considerable time, may sometimes be omitted. If it 
is desired to recognize small amounts of nickel in presence 
of large quantities of cobalt, the use of the solution of the 
cyanides of the metals in potassium cyanide, to which sodium 
hydroxide is, added, is to be recommended. The red colora- 
tion produced in a portion of this liquid by the addition of 
yellow ammonium sulphide shows the presence of cobalt, 
while the separation of black nickelic hydroxide obtained by 
treatment with chlorine or bromine allows the nickel to be 
detected (§ 125, 11, and § 124, 11). The varying behavior of 
niokelio and cobaltic hydroxides to potassium cyanide 
solution, and also to ammonium chloride and ammonia 
{§ 124, 8, and 125, 8), is more appropriate for distinguishing 
than for separating nickel and cobalt.^ 

In the presence of non-volatile organic substances, the 
method depending upon the preliminary precipitation of all 
the metals as sulphides must be used for the separation of the 
members of the fourth group, because such organic substances 
would hinder or prevent the precipitation of iron as hydroxide 
or as a basic salt. In the presence of citric acid, even this 


* Conceming the detection of nickel beside (X)balt, see also Hebbbk- 
^CHmcDT and Oapbllb, Zeitschr. f. analyt Chem., 32, 608. 
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metliod does not suffice, because alkali-metal citrates prevent 
tlie precipitation of manganese as manganous sulphide ; 
and therefore the solution should, in the first place, be 
evaporated with sodium carbonate, and ignited with the 
addition of potassium nitrate, in order to destroy the organic 
substances. 

Ferrous and ferric salts may be detected in presence of 
each other by testing for the former with potassium ferricy- 
anide, and for the latter with potassium ferrooyanide or sul- 
phocyanide. 

SpeddL Reactions of the Barer Metals of the FouHh Group. 

§129. 

1. Ueanium, it. 

This metal is found only sparingly, in pitchblende, nranium-ochre, etc. 
Its oxides are used for the production of a yellowish-green glass. Ura- 
nium forms three oxides, viz., uranoua oxide, UOa , uranic oxide, UO» 
(also called uranic acid), and peruranic acid, UOe ; the latter, however, is 
not known in the free state. Uranous oxide is brown or black, and dis- 
solves in nitnc acid to uranic nitrate. Uranic oxide is brick-red ; uranic 
hydroxide, U09(0H)9 , is yellow. Both are converted by ignition into the 
dark blackish-green urano-uranio oxide, UtOs. The uranic salts are yellow. 
Most of them dissolve in water, and those which are insoluble in that 
liquid, almost without exception dissolve in hydrochloric acid. The 
solutions are yellow. If uranic salts in sulphunc acid solution are 
warmed with zinc, the color of the solution changes into the green color 
of uranous salts. Hydrogen sulphide does not alter solutions of uranic 
salts ; but after neutralization of the free acid, amrmnivm sulphide throws 
down from them a slowly subsiding precipitate, which is readily soluble in 
acids, even acetic acid. The precipitation is promoted by ammonium 
chloride. The precipitate, when formed in the cold, is chocolate-brown, 
and contains uranic oxysulphide, ammonium sulphide, and water. It is 
insoluble in pure ammonium sulphide; but in that which is colorless 
and contains some ammonium carbonate, or in yellow ammonium sul- 
phide, it dissolves to a brown liquid (Cl. Zihmebmann). On being washed, 
the precipitate is gradually converted into yellow uranic hydroxide. On 
boiling the mixture of uraninm solution and ammonium sulphide, the oxy- 
sulphide at first throvm down decomposes into sulphur and black uranous 
oxide, the latter being insoluble in the excess of ammonium sulphide (Bem- 
Bufi). The uranic oxysulphide (but not the precipitate which has been 
converted into uranous oxide and sulphur) dissolves readily in ammonium 
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carbonate (essential difference, and means of separating uranium from 
zinc, manganese, iron, etc.)- If the oxysulphide remains long in contact 
with an excess of ammonium sulphide, it is converted, when air has acccsa 
to it, into a red modification in consequence of the formation of ammo- 
nium thiosulphate ; but when air is excluded, a black modification is formed. 
Ammonia and potassium and sodium hydrooddes produce yellow precipi- 
tates containing uranic oxide and alkali, which are insoluble in excess of 
the precipitants, e g,, KaTJaO?. Tartaric acid prevents or interferes with 
the precipitation, and ammonium chloride facilitates the precipitation 
by ammonia. Ammonium carbonate and potassium or sodium bicar- 
honate produce yellow precipitates of ammonium, sodium, or potassium 
uranic carbonate, e,g,j 2KaOOj.UOa008 , which readily redissolve in an 
excess of the precipitants. Potassium and sodium hydroxides throw down 
from such solutions the whole of the uranium. Hydrogen peroxide pro- 
duces a yellowish-white precipitate, soluble in hydrochloric acid, which 
may be regarded as the hydroxide of a compound of one molecule of per- 
uranic acid with two molecules of uranic oxide, or as uranium tetroxide> 
UO4 (Fatuley). Ammonium carbonate dissolves this to an intensely yel- 
low liquid. The reaction is very delicate. From' acetic acid solutions, or 
from solutions to which sodium acetate is added, sodium phosphate pre- 
cipitates yellowish-white uranyl phosphate, HU0aP04.a?Ha0, which is 
soluble in the mineral acids. In the presence of much ammonium salts, 
similarly colored ammonium uranyl phosphate, NH 4 U 0 aP 04 .a 5 Hji 0 , is 
formed. Heating facilitates the separation of both precipitates. Solu- 
tions of uranic salts (that of the nitrate to a marked degree) color tur- 
meriopaper brown, even in the presence of a little free hydrochloric acid^ 
but in that case with less delicacy. Larger amounts of free mineral 
acids prevent the reaction (Ol. Zimmermann). When the turmeric-paper 
which is colored brown by uranium solution is dotted with a solution of 
sodium carbonate, more deeply colored brown spots are formed. Barium 
carbonate completely precipitates solutions of uranic salts, even in the cold 
(essential difference from nickel, cobalt, manganese, and zinc, and means 
of separating uranium from these metals). 

Mercuric oxide, made into a slime with water, precipitates uranic solu- 
tions completely when they are boiled with it in the presence of ammo- 
nium chloride (means of separating uranium from strontium, calcium, and 
the alkali-metals, but not as good for barium, Aubegoff). Potassium 
ferrooyanide produces a reddish-brown precipitate, or at least a coloration 
(a most delicate test). The precipitate dissolves in ammonium carbonate, 
giving a pale-yellow color. Upon heating, it is also soluble in dilute hydro- 
chloric acid. With uranium compounds, in the inner fiame of the blow- 
pipe, borax and sodium metaphosphate give green beads ; in the outer 
flme, yellow beads, which acquire a yellowish-green tint on cooling. 

Concerning the microscopic detection of uranium, see Hattshofek^ 
p. 182 ; Behrens, Zeitsohr. f. analyt Ohem., 30, 169. 
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§130. 

2. Thaxuum, T1. 

Thallium occurs in minute quantities, in many kinds of copper, in iron 
pyrites, and crude sulphur, and accumulates in the flue-dust of the lead 
chambers where the furnaces are fed with thalliferous pyrites. It is 
occasionally found in commercial sulphuric and hydrochloric acids, and 
has been discovered in lepidolite, preparations of cadmium and bismuth, 
in ores of zinc, mercury, and antimony, in the ashes of plants, and in 
some saline waters. Thallium is a metal resemblmg lead, of 11.8 to 11.9 
sp. gr., soft, fuses at 286" to 290“, volatile at a white heat, crackling like 
tm when bent, and does not decompose water, except upon addition of 
acid. Dilute sulphuric and nitric acids readily dissolve it, but hydro- 
chloric acid dissolves it with difficulty. It forms two oxides ; thallious 
oxide, TlaO, and thallic oxide, TUOa. Thallious oxide is black, fusible, 
and when in the melted state, it attacks glass or porcelain. It dissolves 
in water to hydroxide, and the solution is colorless, alkaline, caustic, and ab- 
sorbs carbonic acid. It also dissolves in alcohol. Thallio oxide is dark 
violet, and insoluble in water ; thallio hydroxide is brown. Thallic oxide 
is scarcely acted on by concentrated sulphuric acid in the cold ; but on 
heating, they combine. On continued heating, oxygen escapes, and thal- 
lious sulphate is formed. Treated with hydrochlono acid, thalhc oxide 
yields the corresponding chloride, which may be obtained in the form of 
colorless, easily soluble crystals. When this is heated, chlorine escapes, 
while compounds of thallious and thallic chlorides result. Thallic salts are 
decomposed by water, with the separation of thallic hydroxide. In acid 
solutions of THALLIO SALTS, alkalies throw down thallio hydroxide. Hydro- 
gen sulphide produces thallious salts, with separation of sulphur, potassium 
iodide yields thallious iodide and iodine, while hydrochloric acid produces 
no precipitate. The thallious salts are colorless ; some are readily soluble 
in water (sulphate, nitrate, neutral phosphate, tartrate, acetate), others 
difficultly soluble (carbonate, tri-basic phosphate, chloride), while a few 
are almost insoluble (iodide, etc.). On boiling solutions of thallious salts 
with nitric acid, they are not converted into thallic salts, but they are so 
converted entirely by boiling with aqua regia. Potassium hydroxidBy 
sodium hydroaMe^ and am'tnonia do not precipitate aqueous solutions of 
thallious salts. Alkaline carlxmates throw down thallious carbonate, but 
only from very concentrated solutions (for 100 parts of water dissolve 6.28 
parts at 18“). If the solutions are not extremely dilute, hydrochlorie acid 
throws down thallious chloride in the form of a white, readily subsiding 
precipitate, unalterable when exposed to light, and still less soluble in dilute 
hydrochloric acid than in water. Even from the most dilute solutions, 
potassium iodide precipitates light yellow thallious iodide, which is almost 
insoluble in water (1 ; 17000), and far less soluble in an excess of potassium 
iodide. In the cold, it dissolves difficultly in sodium thiosulphate solution 
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{difference from lead iodide, E. A. Werner). From solutions which are 
not extremely dilute’ hydrochloroplatimc acid precipitates pale orange 
thallious platimo chloride, TliPtCle, which is very dif&eiiltly soluble. 
Hydrogen sulphide does not precipitate solutions rendered strongly acid 
by mineral acids (unless arsenious acid or antimonious oxide are present, 
in which case compounds of thallmm sulphide with sulphides of arsenic or 
antimony separate as more or less orange-colored precipitates). Neutral or 
very slightly acid solutions are incompletely precipitated by this reagent, 
and from acetic acid solutions, the whole of the thallium is thrown down 
as black thallious sulphide. Colorless ammoniwnh sulphide precipitates 
the whole of the thallium as black sulphide, which readily collects into 
lumps, especially on warming ; and hydrogen sulphide added to alkaline 
solutions has the same effect. The sulphide thrown down is insoluble in 
ammonia, alkali-metal sulphides, and potassium cyanide, rapidly oxidizes 
in the air to thallious sulphate, dissolves readily in dilute hychochlonc, 
sulphuric, and nitric acids, but is acted on only with difficulty by acetic 
acid. On heating, it first fuses and then volatilizes. Zinc throws down 
the metal in the form of black, crystalline laminsB. Colorless flames are 
tinged intensely green by compounds of thallium. The spectrum of thal- 
lium exhibits only one line (compare the spectrum plate) of a magnificent, 
extremely characteristic, emerald-green color. If the quantity of metal is 
amall, the line soon disappears. The spectroscope generally affords the 
best means of detecting thallium. Thalliferous pyrites often give the green 
line at once. To look for thallium iu crude sulphur, it is best to remove 
the greater part of the sulphur with carbon disulphide, and then to test 
the residue. In the presence of much sodium with very small quantities 
of thallium, the green line will not he seen, unless the suhstance is moist- 
ened, and the spectrum examined which is first produced. If a precipitate 
obtained by hydroohloroplatinic acid is to he tested for traces of thallium 
platinio chloride in the presence of much potassium, rubidium, and caesium 
platinic chlorides, it is boiled repeatedly with small qhantities of water, 
and the residue remaining at last is tested spectroscopically for thallium. 
For the detection of thallium in the wet way, potassium iodide is the most 
•delicate reagent ; if a ferric salt is present, it should be previously reduced 
by sodium sulphite. Concseming the microscopic detection of thallium, 
see Hattshofer, p. 125, and Behrens, Zeitschr, f. analyt. Chem., 30, 188. 


§131. 

8. Xroitm, In. {OaMe, ln,0,.) 

Ttniintn has hitherto been discovered only in the blende of Freibars, in 
the zinc prepared from the same, and in wolfram. It is a white, highly lus- 
trous metal, and resembles platinum in color. It is very soft, ductile, makes 
a mark on paper, is capable of receiving a polish, and is oxidized slowly 
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upon contact with air and water — less easily than zinc. Indium melts at 
176®. On charcoal before the blowpipe, it melts with a shining metallia 
surface, colors the flame blue, and yields an incrustation, which is dark 
yellow while hot, light yellow when cold, and cannot be easily dispersed by 
the blowpipe flame. Indium dissolves in dilute hydrochloric and sulphurio 
acids, with evolution of hydrogen, slowly m the cold, but more rapidly on 
heating. In contact with cold, concentrated sulphuric acid, it also gives 
off hydrogen, while anhydrous indium sulphate separates. In nitric acid, it 
dissolves with ease even when the acid is cold and dilute. Indium oxide, 
luaOa, IS reddish-brown when hot, very light yellow when cold, and does 
not color vitreous fluxes. When ignited in hydrogen or with charcoal, it 
is readily reduced, and if a flux is used, metalhc globules are obtained. 
The ignited oxide dissolves slowly in acids in the cold, but readily and com* 
pletely by the aid of heat. The salts are colorless, and the sulphate, nitrate, 
and the volatile, hygroscopic chloride dissolve readily m water. AlJcaliea 
throw down the hydroxide in the form of a white, bulky precipitate 
resembling aluminium hydroxide, but tartaric acid prevents the precipi- 
tation. Potassium or sodium hydroxide dissolves the precipitate, giving 
a liquid which soon becomes turbid. By boiling the solution, or by the 
addition of ammonium chlonde, the indium separates as hydroxide. 
Ammonia does not dissolve it. Alkali carbonates precipitate a white, 
gelatinous carbonate, which, when recently thrown down, dissolves iii. 
ammonium carbonate, but not in potassium or sodium carbonate. If the 
solution in ammonium carbonate is boiled, the indium carbonate separates 
again. Sodium phosphate throws down a white, bulky precipitate. 
Alkali-metal oxalates produce a crystalline precipitate in concentrated, 
neutral solutions. Sodium acetate added to the nearly neutral solution 
of the sulphate throws down, on boiling, a basic sulphate. On digestion 
in the cold, barium carbonate precipitates the whole of the indium in the 
form of basic salt. (Means of separating indium from zinc, manganese, 
cobalt, nickel, and ferrous compounds.) From neutral or acetic acid 
solutions (even in the presence of a large excess of acetic acid), hydrogen 
sulphide precipitates all the indium as yellow indium sulphide. Solutions 
made strongly acid with mineral acids, if moderately concentrated, are 
not precipitated, but by large dilution with water, indium sulphide sepa- 
rates. Hydrogen sulphide in alkaline solutions, and ammonium sulphide 
in neutral solutions, produce a white precipitate (perhaps a compound 
of indium sulphide with hydrogen sulphide). If yellow indium sulphide 
is boiled with yellow ammonium sulphide, it also becomes white, and 
is partly dissolved. Upon cooling, white, voluminous indium sulphide (Q 
separates from the solution. Potassium ferrocyaniAle produces a white* 
precipitate. Potassium ferricyanide, sulphocyanide, and dichromate give 
no precipitates. Potassium chromate^ however, produces a yellow pre- 
cipitate. Zinc precipitates the metal in the form of white, shining laminae. 
Indium compounds produce a peculiar bluish-violet tinge in a colorless 
flame. The spectrum has two characteristic blue lines (see the spectrum 
plate). They appear brightest, especially a, with the chloride, but they 
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are very transient. For obtaining more persistent lines, the sulphide is the 
most suitable compound, 


§132. 

4. Gallium, Ga. {Oxide, Ga,0,.) 

Up to the present time, gallium has been found only in some zinc 
blendes, and m very small amount. The metal is white ; in the molten 
condition, silver-white ; upon cooling, crystalline, bluish-white, and duller. 
It fuses at 80.16", and its specific gravity is 5.966. It is hard, but slightly 
malleable, unchanged in the air at ordinary temperatures, and even when 
heated to redness is but little oxidized, and not volatilized. Water, even 
when boiling, is not decomposed by metallic gallium. In the cold, gallium 
is not noticeably attacked by nitric acid, but upon heating, it dissolves, 
with the evolution of red vapors. It also dissolves readily m hydrochlono 
acid, potassium hydroxide, and ammonia, with the evolution of hydrogen. 
Gallium oxide, GasOa, and gallium hydroxide are white. When the oxide 
is heated in a stream of hydrogen to a red heat, it sublimes wuth partial 
reduction, probably forming a lower oxide. Gallium salts are colorless or 
white. The sulphate and the nitrate dissolve in water easily, and are 
decomposed by ignition. Gallium sulphate combines with ammonium sul- 
phate to form an alum. From solutions of the sulphate and also cf the 
alum, a basic salt separates upon boiling. Gallium combines with chlorine 
to an easily oxidizable chloride, GaOU, and to a chloride, GaOU, cor- 
responding to the oxide. The latter chlonde is a colorless, deliquescent 
mass, melting at 76," and boiling at 216"-230". The volatility of gallium 
chloride shows itself even in the evaporation of hydrochlono acid solu- 
tions, but if sulphuric acid is added to them, no loss of gallium takes 
place, either upon evaporating the solution or upon heating the residue to 
a dark red heat (Leooq de Boisbaudbai^). From aqueous solutions of gal- 
lium salts, the alkalies precipitate a white, flocculent hydroxide, which is 
easily soluble in an excess of the precipitant ; but if a solution supersatu- 
rated with ammonia is boiled for a considerable time, all the gallium is 
precipitated as hydroxide. Tartaric acid prevents the precipitation by 
ammonia. Alkaline carlonates produce white precipitates, and that pro- 
duced by ammonium carbonate dissolves in an excess of the precipitant. 
BaHvm earbonate precipitates the gallium completely, even in the cold. 
Hydrogen sulphide does not give a precipitate in gallium solutions vrliich 
are m^e acid with hydrochloric acid ; but, on the other hand, in solu- 
tions containing both free acetic acid and ammonium acetate, it produces 
a white precipitate of gallium sulphide. Ammoninm sulphide also pre- 
cipitates white gallium sulphide, which is insoluble in an excess of the 
precipitant. Tartaric acid prevents the preeipitatioii. From dilute tolu» 
tions made acid with acetic acid, upon boiling, itinm(niium ncctMte pre- 
cipitates almost all the gallium, but only when ihc precipitant is not used 
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ia too lai^e amonnt. Potassium ferrooyanide produces a precipitate 
which has a bluish color (probably on account of a contamination with 
iron), and which is less soluble in hydrochloric acid than in water (very 
delicate reaction). Gallium compounds show a spectrum consisting of 
two violet lines (between G and H). The spectrum is not very distinct 
except as a spark-spectrum. If a gallium compound is brought into the 
flame of the Bunsen burner, only one indistinct line is to be observed. 


§ 133 . 

6. Vanadium, V. 

Vanadium occurs rarely in the form of vanadates, occasionally in 
small quantities in iron and copper ores, and in the slags obtained by 
smelting the same. There are four oxides of vanadium: vanadious oxide, 
VO; the sesquioxide, VaO*; the dioxide, VOa; and vanadiq acid, VaOs. 
Vanadious oxide is gray, possesses metallic luster, is insoluble in water, 
but is soluble in dilute acids, with evolution of hydrogen, to blue fluids 
which bleach organic coloring matters by reducing them. The sesquioxide 
is black, insoluble, not reduced by ignition in hydrogen, and when exposed 
to the air is gradually converted into the dioxide. Acid solutions of the 
sesquioxide are green. Vanadium dioxide is dark blue, and acid solutions 
of it are pure blue. All the lower oxides pass into vanadic acid, on heating 
with nitric acid or aqua regia, on fusing with potassium nitrate, or on 
igniting in oxygen or air. Vanadic acid is non-volatile, fusible, and solidi- 
fies to a crystalline mass of a dark red to orange-red color. Heated to 
redness in a current of hydrogen, it is changed to the sesquioxide. By 
exposure to moist air, anhydrous vanadic acid is converted into the dark 
red hydroxide. In contact with a little water, it forms a pasty mass, 
which dissolves in a large amount of cold water, but more readily in warm 
water to a blood-red liquid (A, Dittb). Vanadic acid reddens moist 
litmus-paper strongly, and combines with acids and with bases. 

a. Acid Solutions , — The stronger acids dissolve vanadic acid to red or 
yellow liquids, which gradually turn green in the air (evidently on account 
of reducing dust). If ammonia is slowly added to a cold, acid solution 
of vanadic acid, the liquid becomes continually more distinctly yellow up to 
the moment when the reaction becomes alkaline (Oarnot), If sine is in- 
troduced into the warm, dilute sulphuric acid solution, the color goes at 
first through green to blue (reduction to dioxide), then through greenish- 
blue to green (reduction to sesquioxide), and finally through violet to laven- 
der-blue (reduction to vanadious oxide) From the lavender-blue solution, 
ammonia precipitates brown, readily oxidized vanadious-vanadic hydrox- 
ide. 8ulphur<ytis add, hydrogen sulphide, oxalic add, etc., also reduce 
acid solutions of vanadic acid, but only to the dioxide, and therefore the 
solutions become only blue. In the case of hydrogen sulphide, the reduo- 
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tion is accompanied with the separation of snlphnr. When vanadio acid is 
boiled with concentrated hydrochloric acid, chlorine is given off, and an 
oxide or a corresponding chloride is formed, which is intermediate between 
VsO. and VO. (Rosenheim). In vanadic acid solutions, aUcalUs produce 
brown precipitates, which are soluble in an excess of the precipitants, giv- 
ing solutions of a yellowish-brown color. Ainmonium sulphide produces a 
brown precipitate of vanadium sulphide, V.S. , which dissolves rather dif- 
ficultly in an excess to a reddish-brown liqnid. From this, « precipi- 
tate brown vanadium sulphide. PotasHum ferrooyanide throws down a 
green, floccnlent precipitate which is insoluble in acids. In solutions which 
contain but little free acid, tcrnnic odd produces a bluish-black precipi- 
tate. If an alkaline carbonate is added to an acid solution of vanadio acid 
until the free acid is almost completely neutralized, and then mercurous 
nitraU and an excess of precipitated mercuric oxide, the vanadio acid is 
completely precipitated as mercurous vanadate. By ignitmg the precipi- 
tate, vanadic acid is obtained. 

p. Vanadates (with vanadic acid as the acid). — ^Yanadic acid forms 
ortho-, pyro:, and metavanadates. The vanadium minerals generally con- 
tain ortho salts. When their solutions are allowed to stand, the ortho- 
vanadates soluble in water, and those insoluble in water upon the addition 
of acid, are converted into pyro- and metavanadates. Alkaline pyrovana- 
dates also easily yield metavanadic acid, even by leading carbonic acid 
into their solutions. Alkali-metal metavanadates are obtained by dis- 
solving vanadic acid in potassium or sodium hydroxide, also by fusing 
vanadio acid with alkaline caibonates and nitrates. The solutions are col- 
orless. If solid amTnonium chloride is added to the neutral or alkaline 
solution warmed to all the vanadic acid separates as ammonium 

metavanadate, which is insoluble in ammonium chloride solution, crys- 
talline and colorless, and which when ignited in oxygen gives pure vanadio 
acid (especially characteristic reaction). Solutions of alkaline metavana- 
dates become red with strong acids, but after a time, colorless again. 
Barium cTdoride (but not strontium chloride and calcium chloride, distinc- 
tion from phosphoric and arsenic acids, Oaenot), silver nitrate^ and lead 
acetate^ in solutions of alkaline metavanadates, produce yellow precipitates, 
which become colorless upon standing, and more quicWy upon warming. 
Soluble uranium saUs precipitate the vanadio acid from solutions containing 
ammonium acetate when they are ammoniacal (or even weakly acid with 
acetic acid) as ammonium nranyl vanadate, NH4U0!iV04 .HaO (means of 
separating vanadic acid from alkali and alkali-earth metals, and from man- 
ganese, zinc, and copper). From boiling solutions containing ammonia and 
ammonium chloride, a boiling solution of manganous chloTide containing 
ammonium chloride precipitates manganese pyrovanadate, MnaVaOr 
(means of separating vanadic acid from molybdic acid, Carnot). In 
contact with aniline hydrochloride, the alkaline metavanadates yield the 
vanadium chloride corresponding to the dioxide and ahilme-black. Am- 
monium sulphide acts as in the acid solutions mentioned above under a, as 
does also tannic acid upon the addition of acetic acid. If an acidified sola- 
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tion of an alkaline metavanadato is shaken with hy&rogm pet'oaside, it 
assumes a red color, or when very dilute, a brownish rose-red color. If 
ether is added and the whole is shaken, the solution retains its color, the 
ether remaining colorless (very delicate reaction, Wbethir). An excess of 
hydrogen peroxide produces a paitial decolorization (A. WmiiEB). Borax 
dissolves vanadium compounds in the inner and outer flames to clear 
beads. The bead produced in the outer flame is colorless, or, with large 
quantities of vanadium, yellow ; while that produced in the inner flame 
has a beautiful green color, but with large quantities of vanadium, it looks 
brownish while hot, and turns green only on cooling. Oonceming the 
microscopic detection of vanadium, see Haushoebb, p. 188 ; Bibbenb, 
Zeitschr. f. anal 3 rt. Chem., 30, 161.* 


§134 

PHTH OBOBP. 

More common metals : Silver, Mebcubt, Lead, Bishdth, 
Copper, Oadmixtm:. 

Barer metals: Palladium, Bhodidm, Obiudm, Edthenium. 

Properties of the Group. — The sulphides are insoluble both 
in dilute acids and in alkali-metal sulphides, f The solutions 
of these metals are therefore completely precipitated by 
hydrogen sulphide, whether they are neutral, or contain free 
acid (^in moderate amount) or free alkali. The fact that the 
solutions of the metals of this group are precipitated by 
hydrogen sulphide in presence of a free, strong acid, distin- 
guishes them from the metals of the fourth group and also 
from the metals of all the preceding groups. 

Por the sake of greater clearness, the more common metals 
of this group are divided into two classes, as follows : 

1. MBTAIE PBEOIPITABIiB BY PTZDBOOHLOBIO AOID, viz., silver, 
mercury in mercurous salts, lead. 

2. MuTATfl EOT PBEOIPTFABLE BY HYDBOiOELOBIO AdD, viz., 
mercury in mercuric salts, copper, bismuth, cadmium. 


* A full summaiy of the most recent articles concerning the detection and 
determination of vanadic acid is found in the Zeitschr. f. analyt. Ohem., 32, 
317-383. 

f Consult, however, the paragraphs on copper and mercury, as the latter 
remark applies only paillally to them. 
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Lead must be considered in both classes, since the spar- 
ing solubility of its chloride might lead to confounding it 
with silver and mercury in mercurous salts, without affording 
a means of effecting its perfect separation from the metals of 
the second division. 

Special BecuMons of the More Common Mdala of the Fifth Croup. 

FIBST DIVISION : METAIS PBEOOEPITATED BT HYDBOOHLOBIO ACID. 

§135. 

a. SuvEBi, Ag. (Oxide, Ag,0.) 

1. Metaluo silveb is white, very lustrous, moderately 
hard, highly malleable, and rather difficultly fusible. It is 
not oxidized by fusion in the air. Nitric acid dissolves silver 
readily, and the metal is somewhat soluble in dilute sulphuric 
acid (1 : 4) upon heating, if the silver is finely divided (Oabt 
Lea). It is insoluble in hydrochloric acid. 

2. Silveb oxide, Ag,0, is a gi’ayish-brown powder, which is 
not altogether insoluble in water, and dissolves readily in 
dilute nitric acid. There is no corresponding hydroxide. Sil- 
ver oxide is decomposed by heat, as is also silveb peboxide^ 
Ag,0, , into metallic silver and oxygen gas. 

3. The SILVEB SALTS are non-volatile and usually colorless, 
but many of them acquire a black tint upon exposure to lighi 
The soluble normal salts do not alter vegetable colors, and 
are decomposed at a red heat. 

4. HySrogm sidphide and ammonium atdphide precipitate 
black SILVEB SULPHIDE, Ag,S, which is insoluble in dilute 
acids, alkalies, and alkali sulphides, but soluble in potassium 
cyanide. Boiling nitric acid decomposes and dissolves this 
precipitate readily, with separation of sulphur. 

5. Pc^aasiim, and sodium hydroxides precipitate silveb 
ovTmii in the form of a grayish-brown powder, which is insolu- 
Ble in an excess of the precipitants, but dissolves readily in 
4immonia. 

6. Ammonia, if added in very small quantity to neutral 
solutions, throws down silveb oxide as a brown precipitate. 
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which readily redissolves in an excess of ammonia. Acid 
solutions are not precipitated. 

7. Hydrochlorw add and solvble metallic cUorides produce a 
white, curdy precipitate of silver chloride, AgOl. In very 
dilute solutions, these reagents impart at first simply a bluish- 
white, opalescent appearance to the fiuid; but after long 
standing in a warm place, the silver chloride collects at the 
bottom of the vessel. By the action of light, the white silver 
chloride loses chlorine, first acquiring a violet tint, and ulti- 
mately turning black. Silver chloride is insoluble in nitric 
acid, but dissolves readily in ammonia as a compound of 
silver chloride with ammonia, from which double compound 
the former is again separated by acids. Concentrated hydro- 
chloric acid and concentrated solutions of chlorides of the 
alkali metals dissolve silver chloride to a very perceptible 
extent, more particularly upon application of heat ; but the 
dissolved chloride separates again upon dilution. Potassium 
cyanide dissolves silver chloride easily. Upon exposure to 
heat, it fuses without decomposition, giving upon cooling a 
translucent, horny mass. 

8. In solutions of silver salts which are not too dilute, 
potassium chromate produces a dark brownish-red precipitate 
of silver chromate, AgjOrO^, which is easily soluble in nitric 
acid, dilute sulphuric acid, and also in ammonia. 

9. If a clear solution of ferrous sulphate, containing tartaric 
add and an eoGcess of ammonia, is added to a neutral or am- 
moniacal solution of a silver salt, a fine, black, pulverulent 
precipitate separates, even at a great dilution of the silver 
solution. Whether this is argentous oxide, Ag^O, or, as the 
investigations of Friedheim indicate, a mixture of silver oxide 
and finely divided silver, contaminated with organic sub- 
stances, requires further investigation. Ferrous sulphate alone 
precipitates metallic silver from neutral solutions of silver 
salts, in the form of a gray precipitate. This separation takes 
place gradually in the cold, but more quickly by bea ting. The 
separated silver is sometimes deposited in the form of a 
mirror upon the walls of the glass vessel. 

10. If compounds of silver mixed with sodium carhoTuate 
are exposed on a charcoal support to the inner flame of the 
llotopipe, white, brilliant, malleable, metallic globules are 
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obtained, with or without a slight, dark red inornstation of 
the charcoal. The metal is also readily reduced in the stick 
of charcoal (p. 34). 

11. In relation to the microscopic detection of silver, see 
Haushoeeb, p. 117 ; Behrens, Zeitsohr. f. analyt. Ghem., 30 , 
138. 


§136. 

b . MeROUBT, Hg, IN Meboubous Oompotjndo. 

{Mercurous Oxide^ Hg^O.) 

1. Metallic mercury is grayish-white, lustrous, fluid at 
the common temperature, solidifies at — 39.4*^, and boils at 
360°. It dissolves in cold, dilute nitric acid to mercurous 
nitrate, and in the hot, concentrated acid to mercuric nitrate. 
It does not dissolve in hydrochloric acid, and only very dif- 
ficultly even upon the addition of potassium chlorate (Lecco). 
Mercury vapors, if such are present even in minute traces, 
can be readily detected by allowing them to act upon paper 
which has been marked with an ammoniacal silver nitrate 
solution. They quickly produce a blackening of the marks, 
in consequence of a reduction of the silver salt which takes 
place (Meboet). They may be detected, also, by allowing 
them to act upon solution of gold chloride whiijh is free from 
nitric acid. They are then absorbed, with the formation of 
mercuric chloride and the liberation of metallic gold. The 
latter separates in the form of a pellicle or in spots and 
streaks (Babfoed). 

2. Mercitbous oxide, Hg,0, is a black powder, readily 
soluble in nitric acid. It is decomposed and volatilized by 
the action of heat. There is no corresponding hydroxide. 

3. The MEBOUBOUS oxygen salts volatilize upon ignition, 
suffering decomposition in this process. Mercurous chloride 
and mercurous bromide volatilize unaltered. Most of the 
mercurous salts are colorless. The soluble normal salts 
redden litmus-paper. Mercurous nitrate is decomposed by 
addition of much water into a light yellow, insoluble basic salt 
and a soluble acid salt. 

4. Hydrogen sulphide and amrmnium sidphide produce a 
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black precipitate, wliioh is insoluble in dilute acids, ammo- 
nium sulphide, and potassium cyanide. The precipitate is 
not mercurous sulphide, as was formerly believed, but con- 
sists of MEEOUEIG SULPHIDE MIXED WITH EIlsTELY DIVIDED MEEOUBY. 
In presence of some caustic soda, sodium monosulpbide dis- 
solves this precipitate, with separation of metallic mercury, 
but sodium disulphide dissolves it without the separation of 
the metal. The solutions contain mercuric sulphide, HgS, 
which is precipitated upon the addition of ammonium chlo- 
ride. The precipitate produced by hydrogen sulphide gives 
up mercury to boiling, concentrated nitric acid, with forma- 
tion of a white, double mercuric compound, 2 Hg 8 .Hg(N 03 )a. 
It is readily dissolved by aqua regia. 

5. Potassium and sodium hydroxides precipitate meboueous 
OXIDE, which contains mbboueio oxide and metaiuo mebouey, 
and is insoluble in an excess of the precipitant. Ammonia 
in very dilute solutions produces gray, in concentrated solu- 
tions black, precipitates, which are partially dissolved with 
decomposition, in an excess of the precipitant. In the pres- 
ence of an excess of ammonia, these precipitates are mixt- 
ures of exceedingly finely divided mercury and of the white 
precipitates produced by ammonia in solutions of the corre- 
sponding mercuric salts (Lefobt, Baefoed.) 

6 . Hydrochloric add and soluble metallic chlorides precipitate 
meboueous CHLORIDE, HgCl, as sb fine powder of dazzling 
whiteness. Cold hydrochloric and cold nitric acids fail to 
dissolve this precipitate, but it dissolves, although very 
difficultly and slowly, upon long-continued boiling with 
these acids, being resolved by hydrochloric acid into mer- 
curic chloride and metallic mercury which separates, and 
being converted by nitric acid into mercuric chloride and 
mercuric nitrate. Nitro-hydrochloric acid and chlorine- water 
dissolve mercurous chloride readily, converting it into mer- 
curic chloride. Ammonia and potassium hydroxide decom- 
pose mercurous chloride, the former producing a black mixt- 
ure of very finely divided metaltjo merouey and the so-called 
infusible white pebotpitatb (§ 139, 5), while the black substance 
produced by potassium hydroxide is meboueous oxide mixed 
with finely ^vided mercury and meroubio oxide (Baefoed). 

7. If a drop of a neutral or slightly acid solution of a mer- 
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curoiis salt is put on a cl^an and smooth surface of copper, and 
washed off after some time, the spot will afterwards, on being 
gently rubbed with cloth, paper, etc., appear white and 
lustrous like silver. The application of a gentle heat to the 
copper causes the metallic meroury precipitated on its sur- 
face to volatilize, and thus removes the apparent silvering. 

8. When added in very dilute solution and in very small 
amount, stariTious chloride produces a white precipitate of 
MEBCUBOUS CHLORIDE. By the addition of larger quantities 
of stannous chloride, the white precipitate forming at the 
first instant is converted into a gray mixture of mercurous 
CHLORIDE AND FINELY DIVIDED MERCURY. With an exceSS of 
stannous chloride, the gi*ay precipitate is converted into a 
black one of finely divided mercury. This may be united 
into globules, after allowing it to settle and decanting the 
liquid, by boiling it with hydrochloric acid, to which a little 
stannous chloride may also be added. 

9. From solutions of mercurous salts which are not ex- 
tremely dilute, potassium chromate throws down a bright red 
precipitate of basic mercurous chromate, 3HgaCr0^.Hg,0, 
which is rather difficultly soluble in nitric acid. 

10. If an intimate mixture of a dry compound of meroury 
with anhydrous sodium carbonate is introduced into a glass 
tube which is closed at the bottom, and covered with a 
layer of sodium carbonate, and the tube is then strongly 
heated, the mercury compound invariably undergoes decom- 
position, and metallio mercury is liberated, forming a gray 
sublimate above the heated part of the tube. By means 
of a lens or a nodcrosoope, the sublimate will be seen to 
consist of globules of metal. Larger globules may be ob- 
tained by rubbing the sublimate with a glass rod. If, after 
cooling, a very small fragment of iodine is brought into the 
vicinity of the sublimate, and a very gentle heat is applied, it 
is converted into a mercuric iodide coating. This is generally 
red at first, and in that case easily visible, but sometimes 
it is yellow at first, and thus less easily recognized. If the 
tube is allowed to stand a while, the yellow iodide changes 
into the red. The conversion of sublimates of mercury into 
iodide can also be accomplished by hanging the tube with 
the open end down, in a small beaker having iodine upon its 
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bottom, naing for this purpose a perforated cardboard cover 
upon the beaker (Nega). 

11. In regard to the microscopic detection of mercurous 
compounds, see Hattshopeb, p. Ill j Bbhbens, Zeitschr. f. 
aualyi Ohem., 30, 161. 


§ 137. 

0. Lead, Pb. {Oxide, PbO.) 

1. M-ByptT.T.Tf! T.BAn is bluish-gray, and a recently cut surface- 
exhibits a metallic luster. It is soft, malleable, readily 
fusible, and evaporates at a white heat. Pused upon charcoal 
before the blowpipe, it forms a coating of yellow oxide on the 
support. Hydrochloric acid and moderately concentrated 
sulphuric acid act upon it but little, even with the aid of 
heat ; but dilute nitric acid dissolves it readily, more particu- 
larly on heating. 

2. t.v.au monoxidb, PbO, is a yellow or reddish-yellow 
powder, appearing brownish-red while hot, and fusible at a. 
red heat. Lead hydroxide is white. Both the oxide and 
hydroxide dissolve readily in nitric and acetic acids. Lead 
DIOXIDE, PbO,, is brown, is converted into lead oxide by 
ignition, and is not dissolved by nitric acid upon heating, but 
is easily dissolved in that acid upon the addition of some 
alcohol or sugar. The solution contains lead nitrate. Mdodh, 
or red lead, Pb,0, , may be considered as a compound of lead 
oxide with lead dioxide. It is red in color, and nitric acid 
dissolves the oxide from it, leaving the dioxide. 

3. The OXYGEN SALTS OF LEAD are non-volatile, and most of 
them are colorless. The normal soluble salts redden litmus- 
paper, and are decomposed at a red heat. Only a few of 
the insoluble salts are decomposed by ignition, for example, 
lead carbonate. If lead chloride is ignited in the air, part of 
it volatilizes, and leaves behind a compound of lead oxide and 
lead chloride. 

4 Hydrogen stH^htde and ammonium siJ/pMde produce black 
precipitates of t.uat) solfhjide, PbS, which are insoluble in 
cdd dilute acids, in alkalies and alkali sulphides, and cya- 
nides. Lead sulphide is decomposed by hot nitric acid, if 
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the acid is dilate, the whole of the lead is obtained in solu- 
tion as lead nitrate, and sulphur separates ; but if the acid is 
faming, the sulphur is also completely oxidized, and insoluble 
lead sulphate alone is obtained ; while if the acid is of medium 
concentration, both processes take place, a portion of the 
lead being obtained in solution as nitrate, while the remain- 
der separates as sulphate, together with the unoxidized sul- 
phur. In solutions of lead salts containing a large excess of 
a concentrated mineral acid, hydrogen sulphide produces a 
precipitate only after the addition of water or after partial 
neutralization of the free acid by an alkali. If a lead solu- 
tion is precipitated by hydrogen sulphide in presence of a 
large quantity of free hydrochloric acid, a red precipitate is 
occasionally formed, consisting of lead chloro-sulphide, which, 
however, is gradually converted by an excess of hydrogen 
sulphide into black lead sulphide. 

5. Fotassium and sodivm hydroxides and ammonia throw 
down BASIC SALTS in the form of white precipitates, which are 
insoluble in ammonia, but soluble in potassium and sodium 
hydroxides. In solutions of lead acetate, ammonia (free from 
carbonate) does not immediately produce a precipitate, owing 
to the formation of soluble basic lead acetates, containing 
one half or one third of the normal amount of acetic acid. 

6. Sodium carbomte throws down a white precipitate, in 
the cold, of normal, when boiling, of more or less basic, lead 
CARBONATE, which is not quite insoluble in a large excess of 
the precipitant, especially on heating, but is insoluble in 
potassium cyanide. 

7. Hydrochloric acid and soluble chlorides produce in con- 
centrated solutions, heavy, white precipitates of lead chloride, 
PbOla, which are soluble in a large amount of water, espe- 
cially upon application of heat. Lead chloride is converted 
by ammonia into lead oxychloride, Pb0l3.3PbO.4H,O, which 
is also a white powder, but almost absolutely insoluble in 
water. In dilute nitric and hydrochloric acids, lead chloride 
is more difficultly soluble than in water. 

8. SuSphurio add and sulphates produce white precipitates 
of T.TCA-n SULPHATE, PbSO^, which are nearly insoluble in water 
and dilute acids. From dilute solutions, especially from 
such as contain much free acid, the lead sulphate precipitates 
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only after some time, frequently only after a long time. It ia 
advisable to add a considerable excess of dilute sulphuric 
acid, as this tends to increase the delicacy of the reaction, 
lead sulphate being more insoluble in dilute sulphuric acid 
than in water. The separation of small quantities of lead sul- 
phate is best effected by evaporating as far as practicable 
on the water-bath, after the addition of the sulphuric acid, 
and then treating the residue with water, or, if allowable, 
with alcohol. Lead sulphate is slightly soluble in concen- 
trated nitric acid. It dissolves with difficulty in boiling, con- 
centrated hydrochloric acid, but more readily in solution of 
potassium hydroxide. It also dissolves pretty readily in the 
solutions of some ammonium salts, particularly in solution of 
ammonium acetate upon moderate heating, and dilute sul- 
phuric acid precipitates it again from these solutions. 

9. Potassium chromate produces a yellow precipitate of 
liEAD OHEOMATE, PbCrO^, which is readily soluble in potassium 
and sodium hydroxides, but difficultly so in dilute nitric acid, 
and insoluble in ammonia. 

10. If a mixture of a compound of lead with sodium car~ 
honate is exposed on a charcoal support to the reducing flame 
of the Uoiopipe, soft, malleable, jmetallto globules of lead are 
readily produced, the charcoal becoming covered at the same- 
time with a yellow incrustation of lead oxide. The reduction 
may be also readily effected by means of the stick of charcoal. 

11. The metallic morustcution, obtained according to p. 35, 
is black with a brown edge ; the incrustolion of oxide is light 
ochre-yellow ; the incrustolion of iodide varies from the yellow 
of a lemon to that of the yolk of an egg ; while the incrustation 
of sulphide varies from brownish-red to black, and is not dis- 
solved by ammonium sulphide (Bunsen). 

12. Oonceming the microscopic detection of lead, see 
ELlubhofeb, p. 25 ; Behbens, Zeitschr. f. analyt. Ohem., 30, 149, 

§138. 

B&sapit'dolion and Bemarhs, — ^The metals of the first divi- 
sion of the fifth group are most distinctly characterized in 
their chlorides, since the different reactions of these chlorides 
with water and ammonia afford a simple means both of 
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detecting them and of effecting their separation from one 
another. If the precipitate containing the three metallic 
chlorides is boiled with a somewhat large quantity of water, 
or boiling water is repeatedly poured over it on the filter, the 
lead chloride dissolves, while the silver chloride and the 
mercurous chloride remain undissolved. In the aqueous 
solution of lead chloride, ‘the metal may be readily detected 
by sulphuric acid. 

If the silver and mercurous chlorides are then treated 
with ammonia, the mercurous chloride is converted into the 
black precipitate, more fully described above, which is insolu- 
ble in an excess of ammonia, while the silver chloride dis- 
solves readily in ammonia, and reprecipitates from this solu- 
tion upon addition of nitric acid. (When operating upon 
small quantities, it is advisable first to expel the greater part 
of the ammonia by heat.) If the chlorides are precipitated, 
however, from a solution containing very much mercurous 
salt and only a little silver, the silver chloride cannot be 
completely extracted by ammonia, and in presence of a great 
excess of the mercurous chloride, it may happen that all 
the silver chloride remains behind with the mercury resi- 
due (Moeok). If very much mercury is present, therefore, 
and if no silver has been found in the ammoniacal solution, 
the black mercury product should be ignited in a porcelain 
crucible under a good hood until all the mercury has vola- 
tilized. Any residue remaining is then ignited with some 
crystals of oxalic acid until these have been also volatilized, 
the residue is treated with nitric acid with the aid of heat, 
and this solution, after diluting somewhat with water, is tested 
for silver with hydrochloric acid. 

For separating silver from lead, or for detecting small 
amounts of silver in the presence of much lead, the following 
methods may also be used : a. Add to the solution some nitric 
acid, and then a mixture of equal parts of ammonia and solu- 
tion of hydrogen peroxide, and a little ammonium* carbonate. 
The lead then separates from the ammoniacal liquid, as a com- 
pound of lead dioxide and monoxide, in the form of a reddish- 
yellow precipitate, while the silver remains in solution. If 
the precipitate is filtered off, the filtrate acidified with nitric 
acid, and a little hydrochloric acid added, the silver sepa. 
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rates as silver chloride (P. Jannaboh). b. Acidify the Bolution 
contaiiiiiig lead and silver with a little nitric acid, heat, add a 
small excess of potassium chromate or dichromate, heat fur- 
ther, add an excess of dilute ammonia, warm for some time, and 
filter. Lead chromate is then obtained upon the filter, while 
silver chromate is contained in the ammoniacal filtrate. If 
the latter is acidified ■with nitric acid and some hydrochloric 
acid is added, the silver separates as silver chloride (P. 
Jaiwasoh).'* 

SEdOBn division: ooicuonlt oodtneBiNO eetais 'whioh abe not 

PBEOTPirAOED BV HSDBOOHLOBIO ACID. 

§139. 

o. Mebcdbv, Hg, IN Mebodbio Compounds. {Omde, HgO.) 

1. MEBOUBia OXIDE, HgO, is generally crystalline, and has 
a bright red color, whioh upon reduction to powder changes 
to a dull yello'wish-red. The oxide precipitated from solutions 
of mercuric nitrate or chloride forms a yellow powder. It is 
not quite insoluble in water, and gradually tioms gray in sun- 
light. Upon exposure to heat, it transiently acquires a 
deeper tint ; and at a dull red heat, it is resolved into metallic 
mercury and oxygen. Mercuric oxide dissolves readily in 
bydrochloric acid and in nitric acid. 

2. The MEBOUBIO SALTS volatUize upon ignition ; the oxygen 
salts suffer decomposition in this process; while mercuric 
chloride, bromide, and iodide volatilize unaltered. On boiling 
a solution of the chloride, some of the salt escapes with the 
steam. Most of the mercuric salts are colorless. They are 
very poisonous. The soluble normal salts redden Utmus- 
paper. The nitrate and sulphate are decomposed by a large 
quantify of water into soluble acid and insoluble basic salts. 

3. Addition of a very small quantify of hydrogen sut/phide 
or of amvnmhm anlphide to mercuric salt solutions produces, 
after shaking, a perfectly white precipitate; addition of a 

* Concerning further methods for detecting little silver in presence of 
much lead, compare Ebutwio, Zeitschr. f analyt. Ohem., 22 , 4S8 ; John- 
eroNB, Chem. Cmtntlbl., 1890, 1, 298. 
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aomewhat larger quantity of one of these reagents causes the 
precipitate to acquire a yellow, orange, or brownish-red color ; 
while an excess of the precipitant produces a black pre- 
cipitate of MEBOUEic SULPHIDE, HgS. This progressive variation 
of color from white to black, which depends oi> the proportion 
of the hydrogen sulphide or ammonium sulphide added, 
distinguishes the mercuric salts from all others. The white 
precipitate which forms at first consists of a double com- 
pound of mercuric sulphide with the still undecomposed por- 
tion of the mercuric salt (in a solution of mercuric chloride, 
for instance, Hg01j.2HgS). The gradually increasing admixt- 
ure of black sulphide causes the precipitate to pass through 
the several gradations of color above mentioned. Ammonium 
sulphide dissolves only the smallest traces of mercuric sul- 
phide, and the least amount of mercury is dissolved when the 
precipitate is digested hot with yellow ammonium sulphide. 
Potassium hydroxide and potassium cyanide do not dissolve 
mercuric sulphide. Potassium sulphide and sodium sulphide 
in the presence of some caustic potash or soda dissolve the 
precipitate completely (difference from silver, lead, bismuth, 
and copper), but it is insoluble in potassium hydrosulphide 
and in sodium hydrosulphide. Ammonium chloride precipi- 
tates the mercuric sulphide from its solutions in sodium or 
potassium sulphide. Mercuric sulphide dissolves in potas- 
sium thiocarbonate (difference from silver, lead, bismuth, and 
copper). It is reprecipitated from this solution by carbonic 
acid (difference from palladium, Rosenbladt). Mercuric sul- 
phide is entirely insoluble in nitric acid, even upon boiling. 
By the long-continued action of hot, concentrated nitric acid, 
it is converted, without dissolving, into the white compound, 
^TTgfl TTg(NOJ^- Concentrated hydrochloric acid dissolves 
it rather readily when hot, but more difficultly when cold, yet 
it is insoluble or nearly so in dilute hydrochloric acid in the 
< 5 old, but upon boiling, the latter dissolves it a little. Aqua 
regia decomposes the precipitate and dissolves it with ease. 
Tn mercuric solutions containing a large excess of con- 
centrated mineral acid, hydrogen sulphide produces a pre- 
cipitate only after the addition of water. 

4 Potassium hydroxide, and also sodium hydroxide, added 
in small quantity, produce in neutral or slightly acid solu- 
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tions of mercuric salts (but not of mercuric cyanide) a reddish- 
brown precipitate, which acquires a yellow tint if the reagent 
is added in excess. The reddish-brown precipitate is a basic 
SALT, while the yellow precipitate consists of meroueio oxedb, 
HgO. An excess of the precipitant does not redissolve these 
precipitates. In very acid solutions, this reaction does not. 
take place at all, or at least the precipitation is very incom- 
plete. In presence of ammonium salts, potassium hydroxide 
produces neither reddish-brown nor yellow, but white, precipi- 
tates. The precipitate thrown down by potassium hydroxide 
from a solution of mercuric chloride containing an excess of 
ammonium chloride is of nearly the same composition as that 
produced by ammonia (see 5). 

6. Ammonia causes white precipitates quite analogous 
to those produced by potassium or sodium hydroxide in 
presence of ammonium chloride. For instance, from solu- 
tions of mercuric chloride, ammonia precipitates the so-called 
infusible white precipitate, NH^HgOl, which may be regarded 
as merourammonium chloride, or as mercuric amido-chlo- 
ride. If the solution of the mercuric salt contains very much 
free acid, no precipitate is produced by ammonia. The white 
precipitates do not dissolve in ammonia, but are easily soluble 
in hydrochloric acid. 

6. Stamous cUoride added in small quantily to solution of 
mercuric chloride, or to solutions of other mercuric salts in 
presence of hydrochloric acid, throws down merodeous ohlo- 
BIDE : 2B[g01a + SnOl, = 2HgCl + SnOl^. By addition of a 
larger quantity of the reagent, the precipitated mercurous 
chloride is reduced to metal : 2Hg01 + SnCl, = Hg^ + SnOl*. 
The precipitate, which was white at first, therefore now ac- 
quires a gray tint, and, after it has subsided, may be readily 
united into globules of metallic mercury by boiling with 
hydrochloric acid and a little stannous chloride. 

7. If a little galvanic demmt, made from a strip of plati- 
num foil and one of tin-foil, joined at one end with a wooden 
clamp, but otherwise apart from each other, is introduced 
into a mercuric solution acidified with hydrochloric acid, 
all the mercury will gradually be precipitated, chiefly upon 
the platinum. On removing the platinum foil, drying, roll- 
i ig it up, and heating strongly in a glass tube, a sublimate- 
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of globules of mercury will be obtained, whicli may be more 
distinctly seen under the microscope (van den Beoek*). 
Upon the electrolytic separation of mercury depends also 
the method of Mayen^on and BEEGEEET,t and that of C. H. 
Wolff fX "which is to be highly recommended, but requires 
a special apparatus. In relation to the conversions of sub- 
limates of mercuiy into the iodide, compare § 136, 10. 

8. For the deposition of small traces of mercury from 
acidified solutions upon metcds (gold, platinum, copper, zinc), 
various other methods besides the foregoing may be used. 
One of the most convenient of these, given by Fuebeingek, § 
consists in bringing a little (.25 to .50 g) shredded brass- 
wool or imitation gold-leaf (Teijbnee H ) (which is -first rolled 
together and then pulled apart), into the liquid, which is 
distinctly acidified with some hydrochloric, sulphuric, or 
acetic acid, and heated to 60° or 80°, and allowing it to act for 
five or ten minutes with frequent stirring. The metal, now 
amalgamated, is washed with water (in presence of organic 
matter, also with alcohol and ether), dried between blotting- 
papers, formed into the shape of a spindle, and introduced into 
a piece of difficultly fusible glass tube which is drawn out to 
a capillary tube at one end ; the other end of the tube near 
the metal is then also drawn out into a capillary tube, and 
the amalgamated metal is uniformly heated, just to an incipi- 
ent red heat, by rotating the tube over a quietly burning gas 
flame. The mercury is then deposited in both capillary ends 
in the form of rings. If zinc rings also form, as is often the 
case, these are always nearer the heated part than those of 
mercury. The conversion of mercury coatings into mercuric 
iodide coatings may be carried out according to § 136, 10.^ 

* Zeltschr. f. analyt. Cnem., 1, 612. f Fharmac. Centralhalle, 14, 317. 

J Pharmac. Centralhalle, 24, 815, and 29, 842. 

§ Zeltschr f. analyt. Chem., 17, 626. | Zeltschr. f. analyt Chem., 19, 199. 

^ Upon a similar basis are founded the methods of Ludwig, who uses 
zinc-dust (Pharmac. Centralhalle, 22, 436), Nbga, who precipitates with biass 
foil (Chem. Centralbl., 1884, p. 498); A. VTolpp and J Nbga, Er. Mt3nLBR, 
HiBiiBiG, Mbrget, who precipitate with copper filings, foil, or wire (Zeitscjir. 
f. analyt. Chem., 26, 116 and 670 ; Chem. Centralbl., 1888, p. 1248 ; Zeltschr. 
f analyt. Chem., 29, 113) ; K. Alt, who separates the mercury by means of 
B leaf of aitiflcUl gold-tinsel (Chem, Centralbl , 1887, p. 1573); Alm^n, who 
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9. Mercario salts show the same reaction as mercurous 
salts with metallic copper, and when heated with sodium car~ 
honate in a glass tube. 

10. The microscopic detection of mercury is carried out 
by observing mercuric sulphate, mercuric iodide, and also 
cobalt mercuric sulphocyanide. (Compare Haushofeb, p. 112 ; 
£ehbens, Zeitschr. f. analyt. Chem., 30, 151.) 


§ 140. 

6. OoppBB, Cu. {Cupric Oxide, OuO.) 

1. Metauuc ooppeb has a peculiar red color, and a strong 
luster ; it is moderately hard, malleable, and rather difficultly 
fusible. In contact with water and air, it becomes covered 
with a green crust of basic cupric carbonate ; while upon igni- 
tion in the air, it becomes coated with cuprous and cupric 
oxides. In hydrochloric acid and dilute sulphuric acid, it 
is insoluble or nearly so when air is excluded, even upon 
boiling. Nitric acid dissolves the metal readily. Concen- 
trated sulphuric acid converts it into cupric sulphate, with 
evolution of sulphur dioxide. 

2. CuPEOUS OXIDE, Cu,0, is red, and odpbous hydboxide is 
yellow, both changing to cupric oxide upon ignition iqi the 
air. On treating cuprous oxide with dilute sulphuric acid, 
metallic copper separates, while cupric sulphate dissolves ; on 
treating it with hydrochloric acid, white cuprous chloride 
is formed, which dissolves in an excess of the acid, but is re- 
precipitated from this solution by water. 

3. Cttpbio oxide, CuO, is a black powder which withstands 
a red heat without decomposition, but by very strong ignition 
it loses oxygen and is converted into cuprous oxide. Its 
hydroxide, Cu(OH),, is light blue. Both the oxide and 
hydroxide dissolve with ease in hydrochloric, sulphuric, and 
nitric acids. 

uses copper or brass wire (Zeitschr. f. aoalyt. Ohem. , 26, 669). Mbsoxt 
presses the araal^mated copper wire, after drying, between papers soaked 
with ammoniacal silver nitrate solution Dark spots result upon the latter 
after a few minutes 
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4. Many of the normal cxjpbio salts are soluble in water. 
The soluble salts redden litmus, and those containing volatile 
oxygen acids suffer decomposition when heated to gentle 
redness, with the exception of the sulphate, which can bear a 
somewhat higher temperature. They are usually white in 
the anhydrous state, while the hydrated salts are generally of 
a blue or green color, which their solutions continue to exhibit 
even when much diluted. 

5. In alkaline, neutral, and acid solutions, Jiydrogen suL 
phide and ammonivm, aidpTdde produce brownish-black precipi- 
tates of cuPRio SULPHIDE, CuS.* This sulphide is insoluble 
in dilute acids and caustic alkalies. Hot solutions of potas- 
sium and sodium sulphides take sulphur from it, but do 
not dissolve the copper sulphide, or dissolve it only to a 
very trifling extent However, it is a little more soluble in 
ammonium sulphide, especially if this is very yellow and acts 
hot. This reagent is therefore less appropriate for separat- 
ing copper sulphide from other metallic sulphides. Cupric 
sulphide is readily decomposed and dissolved by boiling 
nitric acid, but it remains altogether unaffected by boiling, 
dilute sulphuric acid. When freshly precipitated, it dissolves 
easily and completely in solution of potassium cyanide. In 
solutions of cupric salts which contain a very large excess of 
a concentrated mineral acid, hydrogen sulphide produces a 
precipitate only after the addition of water. 

6. Potaasiwm or sodivm hydroxide produces a light blue, 
bulky precipitate of oupmo hidboxide, Ou(OH),. If the 
solution is highly concentrated and the precipitant is added 
in excess, the precipitate turns brownish-black after the 
lapse of some time, and loses its bulkiness, even in the cold, 
but the change takes place immediately if the precipitate 
is boiled with the fl.uid (diluted if necessary) in which it is 
suspended. The blue hydroxide is thereby converted into a 
brownish-black hydroxide, 30uO.H,O, containing less water. 
In a large excess of very concentrated potassium or sodium 
hydroxide, the light blue precipitate dissolves to a blue 
liquid. 

7. Sodium carbonate precipitates hvdbous, basic oopeeb 


♦According to J. Thomskn, the precipitate is CutSt -f- S. 
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CARBONATE, CuCO,.Cn(OH), , as a greenish-blue precipitate, 
■wliicli cUssoItcs in ammouia to an azure-blue and in potas- 
eiuni cj-aniile to a colorless fluid. Upon boiling, the pre- 
t'ii»itato loses the greater pari of the carbonic acid contained 
in it. and becomes bro'W’nish-black. 

8. ^Ltntiioiiin added in small quantity to solutions of 
normal cupric salts pi'oduces a greenish-blue precipitate, 
consisting of a basic cupric salt. This redissolves readily, 
upon further addition of ammouia, to a perfectly clear fluid 
of a magnificent azure-blue, -which owes its color to the for- 
mation of a basic cori'ER-AMiiosiA salt. For instance, in a 
solution of cupric sulphate, excess of ammonia produces 
(XH,),CuO.(XH,),SO,. In solutions containing a certain 
amount of free acid, ammonia produces no precipitate, but 
this azure-blue coloration makes its appearance the instant 
the ammonia predominates. The blue color ceases to be per- 
ceptible only in very dilute solutions. After the lapse of 
some time, potassium or sodium hydroxide produces in 
such blue solutions in the cold, a precipitate of blue cupric 
hydroxide, but upon continued boiling, all the copper is 
precipitated as brownish-black hydroxide. With cupric 
salts, ammonium carbonate shews the same behavior as 
ammouia. 

KB. — In the presence of non-volatile organic acids, the 
cupric salts are not precipitated by caustic or carbonated 
alkalies, the resulting alkaline solutions having a deep blue 
color. In presence of sugar or similar organic substances 
caustic alkalies produce precipitates which are soluble in 
excess of the precipitants, but sodium carbonate produces a 
permanent precipitate. 

9. In moderately dilute solutions, poiamam /errocyanide 
produces a reddish-brown precipitate of odprio febbooyanide, 
Cn,FefCN),, insoluble in dilute acids, but decomposed by 
potassium or sodium hydroxide. In very highly dilute solu- 
tions, the reagent merely produces a reddish coloration. 

10. If the solution of a cupric salt is mixed -with sulphur- 
ous acid or -with hydrochloric acid and sodium sulphite, and 
pofassium auSphooyanide is then added, cuFBOirs sulfhootaeide, 
OuONS, is thrown do-wn. The precipitate is pale reddish- 
white, and is practically insoluble in water and dilute acids. 
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With insiifScieiii sulphurous acid, black cupric sulphocyanide 
is precipitated. 

11. If 2 cc of a cold, saturated potassium bromide solution 
is mixed with 1 cc of pure, concentrated sulphuric acid, and a 
few drops of a solution containing a cupric salt are added 
immediately, there is formed at first above the more dense 
lower liquid a beautiful bluish-red zone. Upon shaking, the 
whole liquid is colored red. The color disappears upon the 
addition of water. The reaction is very delicate, and permits 
the detection of copper in the presence of other metals (Dbni- 
oks). 

12. When brought into contact with concentrated solu- 
lions of salts of copper, metoHMc iron is almost immediately 
covered with a coating of iiETAUJO coppeb, yet very dilute solu- 
tions produce this coating only after some time. Presence of 
a little free acid accelerates the reaction. Instead of the iron 
a small galvanic element may be made use of, constructed 
from a strip of platinum foil and one of bright sheet zinc, 
or even of tin-foil. These are fastened together at the upper 
•end, then a fiat piece of cork is put between them, and this 
place is also tied. The strips are given an almost parallel 
position, and are put into the weakly acidified copper solu- 
tion in such a manner that the part which is tied together 
•does not dip below the surface. The copper then precipitates 
(in the case of very dilute solutions, only after about twelve 
hours) principally upon the platinum, which thereby assumes 
a copper-red to blackish color. The advantage of this sepa- 
ration of copper upon platinum consists in the fact that it can 
be readily ^solved in nitric acid, and the resulting solution 
•can be subjected to further tests. For this purpose, it is 
almost entirely evaporated, and a few drops of water and a 
•drop of potassium ferrocyanide solution are added. Traces of 
copper deposited upon platinum or iron may be confirmed by 
moistening them with hydrochloric acid and making a test 
according to 14. Saiet recommends using the hydrochloric 
acid by moistening a bundle of fine platinum wires with it, 
and introducing this into the flame under the iron wire ox 
platinum strip. The delicacy of the reaction is decidedly 
increased by this means. 

13. If a mixture of a compound of copper with aodvim 
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carbonate is exposed on a charcoal support to the inner Jlame. 
of tU llowpvpe^ METAixLro COPPER is obtained without incrusta- 
tion of the charcoal. The reduction may be also very con- 
veniently effected in the stick of charcoal (p. 34). The best, 
method of freeing the copper from the particles of charcoal 
is to triturate the fused mass in a small mortar with water, 
and then cautiously wash off the charcoal powder, when the 
copper-red metallic scales will be left behind. 

14. If copper, some alloy containing copper, a trace of a 
salt of copper, or even simply the loop of a platinum wire 
dipped in a highly dilute copper solution, is introduced 
into the fusing zone of the gojs flaw^ or exposed to the inner 
Howpipe the upper or outer portion of the flame shows 
a magnificent emerald-green tint. Addition of hydrochloric 
acid to the sample considerably heightens the beauiy of this 
extremely delicate reaction. The flame then has an azure 
color. 

15. Borax readily dissolves oxides of copper in the outer 
gas or blowpipe flame. The beads are green while hot, and 
blue when cold. In the inner flame, the bead is colorless, 
unless a very large quantity of copper is present, but when 
cold, it is red and opaque. In the lower reducing flame of 
the Bunsen gas flame, the bead does not become reddish- 
brown until the addition of stannic oxide, when this change- 
rapidly takes place, owing to the production of cuprous oxide. 
If a bead is introduced alternately into the lower oxidizing: 
zone am the lower reducing zone, it becomes ruby-red and 
transparent. 

16 In relation to the microscopic detection of copper, see 
BL&.U8H0PEB, p. 87 ; Behrens, Zeitsohr. 1 analyt. Ohem., 30,, 
160. 


§ m. 

a Bismuth, BL (Oxide, Bi,0,.) 

1. Bismuth has a reddish tin-white color and moderate 
etallic luster. It is of medium hardness, brittle, unchange-* 
able in the air at ordinary temperatures, and melts at 
Fused upon a charcoal support it forms an incrustation of 
yellow oxide- It dissolves readily in nitric acid, but is nearly 
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insoluble in hydroohloric acid, and altogether so in dilute 
sulphuric acid. Concentrated sulphuric acid converts it into 
bismuth sulphate^ with evolution of sulphur dioxide. 

2. Bismuth oxide, Bi^O,, is a yellow powder, which tran- 
siently acquires a deeper tint when heated. It fuses at a 
red heat. Bismuth hydroxide, BiOOH, is white. Both the 
oxide and hydroxide dissolve readily in hydrochloric, sub 
phuric, and nitric acids. By fusion with potassium cyanide, 
they yield the metal. The grayish-black bismuthous oxide, 
Bi^Oa, and the red bismuthio acid, Bi^O^, are converted into 
bismuth oxide by ignition in the air, and by heating with 
nitric acid, they are converted into bismuth nitrate. 

3. The BISMUTH OXYGEN SALTS are non-volatile, and those 
containing volatile acids are decomposed at a red heat Bis- 
muth chloride is volatile at a moderate heat The bismuth 
salts are colorless or white if the acid causes no coloration. 
Some of them are soluble in water, others insoluble. The 
soluble salts redden litmus-paper, and are decomposed by 
a large quantity of water into insoluble basic salts, which 
separate, while the greater portion of the acid remains in 
solution together with some bismuth. 

4. In neutral and acid bismuth solutions, hydrogen sii- 
phide and amrnmmm svlphide produce black precipitates of 
BISMUTH SULPHIDE, Bi,S, , which is insoluble in dilute acids, 
alkalies, alkali sulphides, and potassium cyanide, but is 
readily decomposed and dissolved by boiling nitric acid. In 
solutions of salts of bismuth which contain a very consider- 
able excess of hydrochloric or nitric acid, hydrogen sulphide 
produces a precipitate only after the addition of water. 

6. Potassimn hydroxide^ sodiv/m hydroxide^ and emmonia 
throw down bismuth htdboxidb, BiOOH, as a white precipi- 
tate, which is insoluble in an excess of the precipitant If 
a little hydrogen peroxide is added to the liquid containing 
an excess of the precipitant, the white precipitate is converted 
upon warming into a yellow one of bismuthio acid. By this 
means, the reaction is made more delicate (Hasebboee). 

6. Sodium imhmate and ammonium carbonate throw down 
BASio bismuth oabbonate, Bi,0,00,, as a white, bulky pre- 
cipitate, which is insoluble in excess of the precipitant, and 
in potassium, cyanide. Warming assists the precipitation. 
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7. Potassium dicliromate precipitates basic bismuth chbo- 
MATE, BijO(CrOJa, as a yellow powder. This substance dif- 
fers from lead chromate in being readily soluble in dilute 
nitric acid, and insoluble in potassium or sodium hydroxide, 

8. Dilute sulphuric acid fails to precipitate moderately 
dilute solutions of bismuth nitrate. On evaporating with an 
excess of sulphuric acid on the water-bath until no more acid 
vapors escape, a white, saline mass of bismuth sulphate, 
Bi 3 ( SOJ„ is left, which always dissolves readily to a clear 
fluid in water acidified with sulphuric acid (characteristic 
difference between bismuth and lead). After long stand- 
ing (several days occasionally), a basic bismuth sulphate, 
Bi 30 (S 0 Ja. 3 Hg 0 , separates from this solution in white, micro- 
scopic, needle-shaped crystals, which dissolve in nitric acid. 

9. The reaction -which more particularly characterizes 
bisimith is the decomposition of its normal salts by water ^ 
which is attended with the separation of insoluble basic salts. 
The addition of a large amount of water to solutions of 
bismuth salts causes the immediate formation of a dazzling 
white precipitate, provided there is m>t too much free add 
present. This reaction is most sensitive with bismuth chlo- 
ride, as the BASIC bismuth chloride or oxychloride, BiOOl, 
is almost absolutely insoluble in water. Where water fails 
to precipitate nitric acid solutions of bismuth, owing to the 
presence of too much free acid, a precipitate will almost in- 
variably make its appearance immediately upon addition of 
solution of sodium chloride or ammonium chloride. Presence 
of tartaric acid does not interfere with the precipitation of 
bismuth by water. 

10. On mixing a solution of bismuth with an excess of 
solution of stannous chloride in potassium or sodium hydroxide^ 
a black precipitate of bismuthous oxide, BinO^, will fall. This 
is a very characteristic and delicate reaction: Bi,0,4- 
K,SnO, = BiA + E:«SiiO,. 

11. If a mixture of a compound of bismuth with sodium 
carbonate is exposed on a charcoal support to the redudng 

brittle globules of bismiith are obtained, which fly 
into pieces under the stroke of a hammer. The charcoal be- 
comes covered at the same time with a slight incrustation of 
BISMUTH OXEDE, which is orange-colored while hot, and yellow 



§143.J 


CADMIUM. 


247 


-nrhen cold. The reduction may be also conveniently effected 
in the stick of charcoal (p. 34). On triturating the end of 
the charcoal stick containing the reduced metal, yelloTrish 
spangles will be obtained. 

12. The METALUO GOATiNe of bismuth obtained according 
to p. 35 is black with a brown border ; the oxide coatisg is 
yellowish-white, but becomes black with stannous chloride and 
sodium hydroxide (compare 10, — distinction from lead oxide 
coating) ; the iodide coating is bluish-brown with a red bor- 
der, transiently disappearing when breathed upon ; while the 
sulphide coating is umber-brown with a coffee-brown border, 
and is not removed by ammonium sulphide (Btosen). 

13. If a compound of bismuth is heated (in case it is free 
from sulphur) with a mixture of equal parts of potassium 
iodide and jlovxrs of svlphur, upon charcoal, before the blow- 
pipe (if the substance already contains sufficient sulphur for 
the decomposition of the potassium iodide, then potassium 
iodide alone suffices), there is formed a very volatile, scarlet 
coating of bismuth iodide. "When treated in the same way, 
compounds of lead yield a deep yellow coating, and their 
presence does not interfere with the bismuth reaction (v. 
XoBEUi). The reaction also succeeds by heating the mixture 
in a glass tube open at both ends (Ck>m«rwAix). 

14. Begarding the microscopic detection of bismuth, see 
Haushoeeb, p. 138 ; Behbens, Zeitschr. f. analyt. Chem., 
30, 162. 


§142. 

d. Cadmium, Cd. {CMde, CdO.) 

1. Metaixio oadmidm has a tin-white color, is lustrous, 
not very hard, and is malleable. It fuses at 315° to 316°, boils 
at about 770°, and may therefore be sublimed in a glass tube. 
Heated on charcoal before the blowpipe, it takes fire and 
bums, emitting brown fumes of cadmium oxide, which form 
a coating on the charcoaL Hydrochloric acid and dilute sul- 
phuric acid dissolve it, with evolution of hydrogen, but nitiio 
■add dissolves it most readily. 

2. Oadmuim oxide, OdO, is a fixed powder of a brown 
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color, sometimes lighter and sometimes darker in shade ; but. 
its HYDBOXIDE is white. Both dissolve readily in hydrochloric, 
nitric, and sulphuric acids. 

3. The CADMIDM SALTS are colorless or white when their 
acids produce no coloration, and some of them are soluble in 
water. The soluble normal salts redden litmus-paper, and 
those containing volatile oxygen acids are decomposed at a. 
red heat. 

4. In alkaline, neutral, and acid solutions, hydrogen s^pUde 
and ammonium sulphide produce bright yellow precipitates 
of CADMIUM SULPHIDE, CdS, which are insoluble in dilute acids, 
alkalies, alkali-metal sulphides, and potassium cyanide (differ- 
ence from copper). They are readily decomposed and dis^ 
solved by boiling nitric acid, as well as by boiling hydro- 
chloric acid and by boiling dilute sulphuric acid (difference- 
from copper). In solutions of cadmium containing a large 
excess of acid, hydrogen sulphide produces a precipitate only 
after dilution with water. By the action of hydrogen sulphide 
upon moderately acid, hot solutions, orange-yellow to dark 
red cadmium sulphide is precipitated. 

6. Potassium and sodium hydroxides produce white precipi- 
tates of CADMIUM HYDROXIDE, Cd(OH),, which are insoluble 
in an excess of the precipitants. 

6- likewise precipitates white cadmium hydroxide, 

which, however, redissolves readily and completely to a color- 
less fluid in an excess of the precipitant. The ammoniacal 
solution becomes turbid upon boiling, and also by diluting 
with much water, but this happens only when no ammonium 
salts are present. Potassium hydroxide as well as sodium 
hydroxide precipitate cadmium hydroxide from the ammo- 
niaeal solution. 

7. Sodium carbonate and ammonium carbonate produce white 
precipitates of cadmium cabbonate, CdOO,, which are insoluble 
in an excess of sodium carbonate, and very slightly soluble in 
an excess of ammonium carbonate. The presence of ammo- 
nium salts impedes and interferes with the precipitation in 
the cold, but the precipitate is formed upon heating ; and 
free ammonia hinders it. The precipitate is readily soluble 
in potassium cyanide. It separates slowly from dilute solu- 
tions, but warming assists the separation greatly. 
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8. Potassivm s^phocyanide does not cause a precipitate in 
solutions of cadmium, even after the addition of sulphurous 
acid (difference from copper). 

9. If a mixture of a compound of cadmium with sodium 
carhonate is exposed on a charcoal support to the reducing 
fio/fn^^ the charcoal becomes covered with a deep yellow to 
reddish-brown coating of oadmtdm oxide, owing to the instant 
volatilization of the reduced metal and its subsequent reoxi- 
dation in passing through the oxidizing flame. The coating 
is seen most distinctly after cooling. 

10. The metallic incrustation^ obtained according to p. 36, is 
black with a brown edge ; the incrustation of oxide is brownish- 
black, the edge passing from brown to white ; the incrustation 
of iodide is white ; while the incrustation of stdpJiide is lemon- 
yellow, and is not dissolved by ammonium sulphide (Bunsen). 

11. Concerning the microscopic detection of cadmium, see 
Haushoeeb, p. 62 ; Behbens, Zeitschr. f. analyt Ohem., 30, 
143. 


§148. 

Hecapitidation and Bemarhs . — ^As already stated, the perfect 
separation of the metals of the second division of the fifth 
group from silver and mercurous salts may be effected by 
means of hydrochloric acid, but this agent fails to separate 
them completely from lead. Traces of mercuric salt, which 
are at first retained by the precipitated silver chloride by sur- 
face attraction, are dissolved out completely by washing (G. 
J. Muldeb). Meboubio compounds are distinguished from 
compounds of the other metals of this division by the insol- 
ubility of mercuric sulphide in boiling nitric acid. This 
property affords a convenient means for its separation from 
copper, lead, bismuth, and to a certain extent from cadmium, 
dadmium sulphide, in fact, remains behind with the mer- 
curic sulphide partly, and if a very small quantity is pres- 
ent, it may remain behind wholly (BfiLOW). Oare must 
always be taken to free the sulphides comjciletdy by washing 
from all traces of hydrochloric acid or chlorides that may 
happen to be present, before proceeding to boil them 
with nitric acid. The mercuric sulphide is readily dis- 
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solved hj Leatiiig it with hydrochloric acid to which 
a very small amount of potassium chlorate is added. In a 
part of this solution, mercury can be detected with great ease 
by means of stannous chloride. The cadmium which has 
remained with the mercuric sulphide may be found by evapo- 
rating another portion of the solution to dryness in a porce- 
lain cimcible, and volatilizing the mercuric chloride under a 
good hood at a geyitle red heat. If the residue is treated with 
a drop of hydrochloric acid and a little water, the cadmium is 
obtained in solution, and may be precipitated with hydrogen 
sulphide. From the remaining metals, lead is separated by 
sulphuric acid. The separation is most complete if the fluid, 
after addition of dilute sulphuric acid in excess, is evaporated 
on the water-bath, the residue diluted with water containing 
some sulphuric acid, and the undissolved lead sulphate filtered 
off immediately. The latter may be further examined in the 
dry way by the reaction described in § 137, 10, or also as fol- 
lows : Pour over a small portion of the lead sulphate a little 
solution of potassium chromate, and apply heat, which will 
convert the white precipitate into yellow lead chromate ; 
Wash this, add a little solution of potassium or sodium hy- 
droxide and heat ; the precipitate will now dissolve to a clear 
Cdd, and by acidifying this with acetic acid, a yellow pre- 
^pitate of lead chromate will again be produced. After the 
"^moval of mercury and lead, bismuth may be separated from 
X)pper and cadmium by addition of ammonia in excess, as the 
hydroxides of the last two metals are soluble in an excess of 
this agent. If the precipitate, after being filtered off, is dis- 
solved in a drop or two of hydrochloric acid on a watch-glass, 
and water added, the appearance of a milky turbidity is a 
confirmation of the presence of bismuth. The reaction given 
in § 141, 10, which is based upon the production of bismuth- 
ous oxide, is also well adapted for a confirmatory test. The 
presence of a notable quantity of copper is revealed by the 
blue color of the ammoniacal solution ; while smaller quan- 
tities are detected by evaporating the ammoniacal solution, 
nearly to dryness, adding a little acetic acid, and then potas* 
sium ferrocjauide i The separation of copper from cadmium 
may be effected by evaporating the ammoniacal solution to a 
small bulk, acidifying faintly with hydrochloric acid, adding. 
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a little sulpliTiroiis acid and potassium sulphocyanide, filtering 
off the cuprous sulphocyanide after allowing it to stand in a 
warm place, and precipitating the cadmium in the filtrate by 
hydrogen sulphide after the removal of any sulphurous acid 
still present (an unnecessarily large excess of sulphurous acid 
should, of course, be avoided). The separation of copper 
from cadmium may also be effected by acting on the sulphides 
with potassium cyanide, or with boiling dilute sulphuric acid 
(5 parts of water to 1 part of concentrated acid). In tho latter 
methods, the solution of copper and cadmium somewhat 
acidified with hydrochloric acid is precipitated by hydrogen 
sulphide, and the precipitate is separated from the fluid by 
decantation or filtration, and is then washed. On treating the 
precipitate now with some water and a small lump of potassium 
cyanide, the cupric sulphide will dissolve, leaving the yellow 
cadmium sulphide undissolved. On the other hand, by boil- 
ing the precipitate of the mixed sulphides with dilute sul- 
phuric acid, the cupric sulphide remains undissolved, while 
the cadmium sulphide is obtained in solution. Hydrogen 
sulphide will therefore now throw down from the filtrate,, 
yellow cadmium sulphide (A. W. Hofmann).* 


* In legard to the detection of small traces of mercury, see the communica- 
tions of Tbxtbhbb (Zeitschr f. analyt Ohem., 19, 198) ; BiEW£m> {ibid,, 22, 
89) , J. Klein {€>id., 29, 186) ; G. Kroupa (Chem Centralbl , 1886. p. 250). 
Concerning the detection of traces of copper, see Wildenstein (Zeitschr. f. 
analyt Chem., 2, 9) , SGHAEB(iWS., 9, 100) , Scbonn (ibid., 9. 210) ; Bellamy 
(ibid , 9, 382) , Pubgotti (ibid,, 18, 476) ; Endemann and Prochazka 
21, 265) , V. KNOKBE(i6id., 28, 284) ; H, Thoms (Pharmac. Oentralhalle, 1890| 
p 31). In regard to the detection of bismuth, see Tbesh (Zeitschr. f. analyt. 
Chem., 22, 432) ; E. LfioBR (ibid., 28, 847). Further, concerning the detection 
of these metals in the presence of organic substances, see V (detection of in- 
organic poisons in food, etc.), in the second division of Part II. In regard to 
other methods for the separation of the metals of the fifth group, see especially 
the communications of Rosbnbladt (Zeitschr f. analyt Chem , 26. 15) ; 
Kohhbr (ibid., 27, 217) ; Polstorfp and BuLow(Chem Centralbl., 1891, 2, 
227) ; Jannasoh and Erz (Zeitschr. f. analyt. Chem., 33, 67). 
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SpedcH Seactions of the Rarer Metals of the Fifth Group, 

§ 144 . 

1. PaUiADIDM, Pd. {Pdladious Oxide, PdO.) 

Palladium is found in the metallic state, occasionally alloyed with 
gold and silver, but more particularly with or in platinum ores. It greatly 
resembles platinum, but is somewhat darker in color. It fuses with great 
difficulty. Heated in the air to dull redness, it becomes covered with a 
blue film, but it recovers its light color and metallic luster upon more 
intense ignition. It is difficultly soluble m pure nitric acid, but dissolves 
somewhat more readily in nitric acid containing nitrous acid. It dis- 
solves very slightly m boiling concentrated snlphnnc acid, but is soluble 
in fusing potassium disulphate, and readily soluble in nitro-hydroohloric 
acid. There are three oxides: the suboxide, FdaO; palladious oxide, 
PdO; and palladic oxide, PdOs. Palladious oxide is black, the coiv 
responding hydroxide dark brown, and both are decomposed by intense 
ignition, leaving a residue of metallic palladium. Palladio oxide is 
black. By heating with dilute hydrochloric acid, it is dissolved to paUa^ 
dious chloride, PdOla, with evolution of chlorine. The palladious salts 
are mostly soluble in water, and are brown or reddish-brown. Their con- 
centrated solutions are reddish-brown, but their dilute solutions are yellow. 
From a solution of palladious nitrate containing a slight excess of acid, 
water precipitates a brown basic salt. The oxygen salts as well as pal- 
ladious chloride, are decomposed by ignition, leaving metallic palladium 
behind. Hydrogen mlpMde and ammonium sulphide throw down from 
acid or neutral solutions, black palladious sulphide, which does not dis- 
solve in ammonium sulphide, but is soluble in potassium thiooarbonate 
(difference from lead, copper, bismuth), and is not precipitated from the 
solution by carbonic acid (difference from mercury, Rosenbladt). It is 
also soluble in boiling hydrochloric acid, and readily soluble in aqua regia. 
From the solution of palladious chloride, potassium hydroxide precipitates 
a brown basic salt, which is soluble in a large excess of the precipitant. 
Ammonia precipitates a fiesh-red compound of palladious cffioride and 
ammonia, which is soluble in an excess of ammonia (rather rapidly by 
heating, slowly in the cold) to a colorless liquid from which hydrochloric 
acid precipitates yellow, crystalline palladammonium chloride, PdCNH*)ji01a. 
Mercuric cyanide throws down from neutral or slightly acid solutions, yd- 
lowisb-white palladious cyanide as a gelatinous precipitate, slightly soluble 
in hydrochloric acid, and readily soluble in ammonia (especially character- 
istic). In the absence of free hydrochloric acid, stcmmyus chloride pro- 
duces a brownish-black precipitate; but in presence of free hydrochloric 
acid, a red solution, which sp^ily turns brown, and ultimately green, and 
becomes brownish-red upon addition of water. 8odium formate precipitates 
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at 60 all the palladium in the metallic state as palladium-black. Potas^ 
siutti iodide precipitates black palladious iodide, “which is soluble in an 
excess of the precipitant, giving a dark brown color (especially char- 
acteristic). Pota88iu9n chloirids precipitates from highly concentrated 
solutions, potassium palladious chlonde, SZCl.PdCla, in the form of 
golden-yellow needles, which dissolve readily in water to a dark red fluid, 
but are insoluble in absolute alcohol. Potassium mtrite produces in not 
too dilute solutions, a yellowish, crystalline precipitate, which becomes 
reddish on long standing, and is soluble in much water. Potassium 
sulphocyanide does not precipitate palladium, even after the addition of 
sulphurous acid (difference from copper, and best means of separating 
from the same). On treatment with sodium carhoiiate in the upper 
oxidizing flame (p. 33), all the compounds of palladium yield a gray, 
metallic sponge. When this is triturated in an agate mortar, silver- white, 
ductile, metallic spangles are obtained. Oonceming the microscopic detec- 
tion of palladium, see Hattshofee, p. 107; Beheens, Zeitschr. f. analyt, 
€hem., 30, 153. 


§146. 

2. Ehodiom, Eh. {Bhodnjc Oxide, Eh,0,.) 

Ehodium is found in small quantity in platinum ores. It is almost 
silver-white, malleable, and very difficultly fusible. When prepared in 
the wet way, it is a gray powder. Compact rhodium is insoluble in all 
acids. Even in aqua regia, it dissolve only when alloyed with platinum, 
copper, etc., and not when alloyed with gold or silver. Precipitated 
rhodium, on the other hand, is somewhat soluble in nitric acid and in 
hydrochloric acid in presence of air. Fusing metaphosphoric acid and 
fusing potassium disnlphate dissolve it, forming rhodio salts. Heated 
in chlorine, it yields a chloride of variable composition (Olaus, LeideS). 
Heated with potassium or sodium chloride in a stream of chlorine, double 
•chlorides are formed. Sodinm rhodic chloride is insoluble in alcohol 
(means of separation from platinum and other metals). There are three 
oxides: rhodions oxide, EhO; rhodio oxide, RhaOa; and the dioxide, RhOs. 
Rhodio oxide is gray or black, and yields a yellow and a brownish-black 
hydroxide. It is insoluble in acids, bnt dissolves in the fluxes mentioned 
in connection with the metal. The solutions have a beautiful red color. 
Upon prolonged action, especially by the aid of heat (but even then com- 
plete precipitation is difficult), hydrogen sulphide precipitates brown 
rhodium sulph-hydrate, Rh*(SH)a, which is not dissolved by acids or alkali- 
metal sulphides, but is easily soluble in bromine and aqua regia^ When it is 
boiled with much water, it is decomposed into rhodium sulphide and hydro- 
gen sulphide, with contraction in volume. Normal alkali-metal sulphides 
precipitate compounds of rhodium sulphide with alkali-metal sulphides in 
the form of brownish-black precipitates, which are insoluble in an excess 
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of the precipitant, and are decomposable by water (LEinrfi). Potassium 
hydroodde^ added in not too great excess to solutions of rhodic oxypn 
salts, produces immediately a yellow precipitate of the hydroxide, 
Rh(0H)*.H50, which is soluble at the ordinary temperature in an excess of 
potassium hydroxide, and by boiling the yellow solution, the blackish- 
brown hydroxide, Ilh(OH)3, is precipitated. In solutions of rhodic chlo- 
ride, no precipitation is produced at first by potassium hydroxide, but 
upon the addition of alcohol, a black hydroxide soon separates (Olatjs). 
Ammonia produces, after some time, a yellow precipitate, soluble in 
hydrochloric acid. Zinc precipitates black metallic rhodium. Upon heat- 
ing with potassium nitrite^ a solution of rhodic chloride becomes yellow 
and an orange-yellow ix)wder separates, which is but little soluble in 
water, although easily soluble in hydrochloric acid; while at the same 
time, another part of the rhodium is converted into a yellow salt, soluble 
in water, which may be precipitated by alcohol. The insolubility of potas- 
sium rhodic nitrite in alcohol permits a separation of rhodium from 
ruthenium (Gibbs). If a slight excess of a freshly prepared solution of 
sodium hypociilorite is added to a not too dilute, neutral, or weakly acid 
solution of ammonium rhodium chloride, a yellowish precipitate is ob- 
tained. If dilute acetic acid (1 : o) is now added drop by drop, with con- 
tinual stirring, the precipitate dissolves, and the liquid assumes an intense 
orange color; then it quickly becomes decolorized, gives a gray precipitate, 
and finally an intense sky-blue color (Demab 9 ay) . Ou ignition in hydrogen , 
or on Ignition on a platinum wire with sodium carbonate in the upper 
oxidizing fiame, all solid compounds of rhodium yield the metal, which is 
well characterized by its insolubility in aqua regia, and its solubihty in 
fusing potassium disulphate. The fused mass obtained with the latter is 
yellow after cooling, and dissolves in water with a yellow color. By 
adding hydrochloric acid, the solution becomes red (Bunsen). The micro- 
scopic detection of rhodium depends upon an examination of potassium, 
rhodic nitrite, of rhodic oxalate (Behrens, Zeitschr. f. analyt. Chem., 30^ 
1S4), or of ammonium rhodic chloride (Wilm, Ber. der deutch. ohem. 
Gesellsoh., 1885, p. 2547). 


§146. 

3, OSMITJM, Os. 

OsBCiUM is found rarely in platinum ores as a native alloy of osmium 
and iridium, etc. It is generally obtained as a black powder, or gray 
with metallic luster, and is infusible. The metal, osmious oxide, OsO, 
the sesquioxidb, OsaOa, and osmic oxidb, OsOs, oxidize readily when heated 
to redness in the air, and give pebosmic aoid, OsOa , which volatilizes and 
makes its presence speedily known by its exceedingly irritating and offen- 
sive smell, resembling that of chlorine and iodine (highly characteristic). 
If a little osmium on a strip of platinum foil is held in the outer mantle of 
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a gets or alcohol flame^ at half its height, the flame becomes most strik- 
ingly luminoos. By this reaction, even minute traces of osmium may be 
detected in alloys of iridium and osmium, but the reaction in that case 
is only momentary, still it may be reproduced by holding the sample first 
in the reducing flame, and then again in the outer mantle. JS^itric acidj 
more particularly red fuming nitric acid, and aqua regia dissolve osmium 
to perosmic acid. Application of heat promotes the solution, "which is, 
however, attended with volatilization of perosmic acid. Very intensely 
ignited osmium is insoluble in acids. On fusing with potassium nitrate 
and distilling the dissolved mass with nitric acid, perosmic acid is found 
in the distillate (characteristic reaction for all osmium compounds). By 
heating osmium in dry chh rlue free from air, bluish-black ossnous chlo- 
B.IDE, OsCla , is first formed, but alwaj's only in small quantity, theu the 
more volatile and red osmo chloride, ObG* ; while if moist chlorine is 
used, a green mixture of both chlorides is formed. The osmious chloride 
dissolves with a blue color, the osmic chloride with a yellow color, and both 
together with a green color, which turns red. The solutions are soon 
decomposed, perosmic acid, hydrochloric acid, and a mixture of osmious 
and osmic oxides being formed, while the mixed oxides separate as a black 
powder. On heating a mixture of powdered osmium or osmium sulphide 
and potassium chloride, in chlorine, a double salt, potassium osmic 
CHLORIDE, is produced, which is somewhat difficultly soluble in cold water, 
but more readily so in hot water. From the yellow solution, alcohol 
precipitates the salt as a red, crystalline powder. Potassium hydroxide 
precipitates a black hydroxide upon heating. Upon fusing potassium osmic 
chloride with sodium carbonate, blackish-gray osmic oxide, insoluble in 
water and in hydrochloric acid, is formed. The double salt, 3KC1 OsCla* 
SHaO, dissolves in water very easily. The deep cherry-red solution is 
decomposed readily, especially when warm, with separation of black oxy- 
chloride. Potassium hydroxide precipitates from this solution a reddish- 
brown hydroxide. Anhydrous perosmic acid is white, crystalline, fusible 
at a genide heat, and boils at about 100°. The fumes possess an unendur- 
able odor, and attack the nose and eyes powerfully. Heated with water it 
fuses and dissolves slowly. The solution is colorless, gives no acid reaction, 
and has a strong, irritating, unpleasant smell. Concentrated potassium 
hydroxide solution colors the solution yellow, and upon distilling, the greater 
part of the osmium passes over as perosmic acid (very characteristic), the 
remainder gives off oxygen, forming potassium osmate, H9OSO4 , and upon 
continued boiling forms perosmic acid, osmic hydroxide, and potassium 
hydroxide. Perosmic acid decolorizes indigo solution^ separates iodine from 
potassiuw, iodide^ and converts alcohol into aldehyde and acetic acid. Potflfs- 
sium nitrite readily reduces it to potassium osmate, which separates out in 
garnet-red crystals. Sydrogen sulphide colors the aqueous solution of 
perosmic acid dark brown, and upon the addition of acid, a dark brown 
precipitate of osmium sulphide is produced, which is insoluble in alkaline 
hydroxides and carbonates, as well as in ammonium and alkali-metal sul- 
phides. Sulphurous acid^ added in increasing amount, produces a yellow, 
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reddish-brown, green, and finally an indigo-blue color. Ferrous sulphate 
causes a black precipitate of oamic oxide. Stanfious chloric gives a 
brown precipitate, soluble in hydrochloric acid to a brown fluid, ^no 
and many other metals, in the presence of a strong acid, precipitate 
metallic osmium. All the compounds of osmium yield the metal on igni- 
tion in a current of liydvoyBjt ; but upon ignition in the ooddizing 
volatile perosmic acid is formed, recognizable by its odor, etc, Ooneern- 
ing the microscojno detection of osmium, compare Behrens, Zeitschr. f, 
analyt. Chem., 30, 154. 


§ 147. 

4. Euthenidm, Eu. 

Ruthenium is found in small quantity in platinum ores. It is a gray- 
ish-white, brittle, and exceedingly difficultly fusible metal. The powder is 
grayish-black. It is barely acted upon by aqua regia, and fusing potassium 
disulphate fails altogether to affect it. It combines with oxygen, forming 
rutbeuious oxide, RuO, the sesquxoxide, RuaOs, ruthenio oxide, RuO®, 
rutheuic acid, RuOj (only known in compounds), and perruthenio acid, 
RuO* By ignition in the air, the pulverulent metal forms the black 
sesquioxidc,* which is insoluble in acids. 

By ignition of the metal mixed with potassium chloride in a stream 
of chlorine, the double salt, SKClRuOl* , is formed, which dissolves in 
water with an orange-yellow color. From the solution, there separates 
gradually upon standing, but at once upon heating, a black, volumi- 
nous precipitate, which remains suspended for a long time, and has the 
property of staining very strongly (delicate reactiou). Potassium hydrooe^ 
id€^ sodium hydroxide^ and also ammonia throw down the blacldsh-brown, 
hydrated sesquioxide, which is Insoluble m an excess of the fixed alkalies, 
bub is soluble in an excess of ammonia, with a greenish-brown color, and 
dissolves in hydrochloric acid to an orange-colored solution. Hydrogen 
sulphide produces, only after some time, a light-colored precipitate, per- 
haps a mixture of black ruthenium sulphide and sulphur. The precipi- 
tate gradually becomes darker, while the b'quid assumes a deep blue color. 
Ammonium sulphide gives a brownish-black precipitate, which is scarcely 
soluble in an excess of the precipitant. Zinc gives at first an indigo-blue 
color, in consequence of a reduction from mthenic to mthenious chloride, 
and afterwards metallic ruthenium is deposited. Potassium stdpho- 
cyanide produces (in absence of other metals of platinum ores) after some 
time, a coloration, gradually becoming purplish-red, and upon heating, 
a beautiful violet coloration (very characteristic). Potassium iodide pre- 
cipitates gradually in the cold, but at once upon heating, black ruthenio 


* According to Dbbbat and Jout, the product thus obtained is, in all 
probability, only a mixture of ruthenic oxide with metallic ruthenium. 
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iodide. If potassiv/tn nitrite is added to the solutioii which is xoade 
weakly alkaline with sodium carbonate^ it is then heated to boiling, 
allowed to cool, and a very little colorless ammonium sulphide is added, 
the liquid becomes colored a beautiful cnmson-red, afterwards brown 
(even in the presence of other metals occurring in the platinum ores). 
More ammonium sulphide produces a brown precipitate. If to a solution 
of sodium thiosulpluite containing ammonia, a few drops of a solution 
of ruthenium trichloride are added, the liquid assumes an intense purple- 
red color. 

Ruthenic oxide is a blackish-blue powder, insoluble in acids, and dis- 
solving in fusing potassium hydroxide with a brown color. Its hydroxide 
has a dark ochre color, and is soluble in acids to hght yellow liquids. By 
fusing metaUic ruthenium with potassium hydroxide and potassium 
nitrate or chlorate, an orange-red mass results, containing potassium 
I'uth&rujde^ which dissolves in water, forming an orange-yellow solution. 
It colors organic bodies black. Acids or alcohol precipitate from it the 
hydrated sesquioxide. Perruthenie acid forms a yellow, ciystalline mass, 
which evaporates even at the ordinary temperature. It fuses easily, and 
boils somewhat above 100°. The golden-yellow gas has an odor similar to 
that of nitrous acid. Perruthenie acid dissolves slowly and difficultly in 
water. Upon being heated with Jiydrocliloric add^ ruthenium sesqui- 
chloride is formed, with evolution of chlonne. Sulphurous add colors it 
purple-red at first, then violet-blue. Hydrogen sulphide precipitates 
a black oxysulphide, with a transitory red coloration of the liquid. In 
relation to the microscopic detection of ruthenium, see BEHunNS, Zeitschr. 
f. analyt. Ohem., 30, 154. 
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SIXTH GBOUH. 

More common metals : Gold, Pia'JIHDM, Tih, Amtimoht, 

ABsmio. 

Barer metals: GEBiuHiiru, iBiDitiK, Moltbdehuk, TtiHGi>- 
STHN, TeLLUBIDHC, SeLENHJH. 

Tlie higher oxides of the elements belonging to the sixth 
group all have more or less strongly pronounced acid ohaiv 
aeters. They are inolnded here, however, as they cannot well 
be separated from the lower oxides of the same elements, 
to which they are very closely allied in their reactions with 
hydrogen snlphide. 

Properties of the Group . — ^The sulphides of the metals of 
the sixth group are insoluble in dilute acids. These sulphides 
combine with alkali-metal sulphides (either directly, or with 
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the addition of sulphur) to soluble sulphur salts, in which they 
take the part of the acid. From acidified solutions, therefore, 
hydrogen sulphide precipitates these elements completely, 
like those of the fifth group. The precipitated sulphides differ, 
however, from those of the fifth group in this, that they dis- 
solve in ammonium sulphide, potassium sulphide, etc., and are 
precipitated from these solutions by the addition of acids. 

The more common metals of this group are divided into 
two classes, as follows: 

1. The noble metals. Gold and Platinum. Theii- oxides 
are decomposed by ignition into the metal and oxygen, and 
their chlorides, into the metal and chlorine. The precipitates 
formed by hydrogen sulphide, especially if the precipitations 
have been made from hot solutions, are not soluble in boiling 
hydrochloric acid, and dissolve scarcely or not at all in boil- 
ing nitric acid. The sulphides are more difficultly soluble in 
alkali-metal sulphides, especially in ammonium sulphide, 
than are the sulphides of the ignoble metals of this group. 
■When heated in a stream of chlorine, or with a mixture of 6 
pax'ts of ammonium chloride and 1 part of ammonium nitrate, 
the sulphides give the metals. 

2. The ignoble metals. Tin, Antimony, and Arsenic. The 
oxides of these elements are not decomposed into metal and 
oxygen by ignition, and their chlorides are volatile upon heat- 
ing. The sulphides dissolve in boiling hydrochloric acid 
(with the exception of the sulphides of arsenic), and are dis- 
solved or decomposed by boiling nitric acid. When ignited 
in a stream of chlorine, or with a mixture of 5 parts of am- 
monium chloride and 1 part of ammonium nitrate, the sul- 
phides are completely volatilized. 

EIRSr DIVISION. 

Special RecLdions, 

§149. 

a. Gold, An. {Auric Oxide^ Au,0,.) 

1. Metaluo gold has a yellow color, a very high luster, 
is rather soft, and exceedingly malleable. When precipi- 
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tated in the form of powder, it is brown and dull It ia 
difficultly fusible, does not oxidize upon ignition in the air, 
and is insoluble in hydrochloric, nitric, and sulphuric acids. 
It dissolves somewhat in hot concentrated sulphuric acid 
containing nitric acid, and readily in fluids containing or 
evolving chlorine, e.gf., in nitro-hydrochloric acid. The solu- 
tions contain auric chloride. Liquids which contain free 
bromine and iodine also dissolve gold. Fusing potassium 
disulphate does not attack it. Alkali-metal hydroxides with 
access of air, and also the nitrates, oxidize it at the temper- 
ature of fusion. It dissolves slowly in potassium cyanide 
solution, with access of air. 

2. Aubio oxide (AujOg) is a blackish-brown, and its 
hydroxide is an ochre-brown or also a blackish-brown, pow- 
der. Both are reduced by light and heat, and dissolve readily 
in hydrochloric acid, but not in dilute oxygen acids. Con- 
centrated nitric and sulphuric acids dissolve a little auric 
oxide, but water reprecipitates it from these solutions. 
Aueous oxide, Au,0, is violet-black, and is decomposed by 
heat into gold and oxygen. 

3. OxvGEN SALTS of gold are practically unknown. Atjeio 
OHLOEIDE, AuClj, is red to brownish-red, loses chlorine at 
160° to 200°, and leaves yellowish-white aueous chlobtde, 
AuCl, which is decomposed by stronger heating into chlorine 
and gold, and by treatment with water, into metallic gold and 
auric chloride. Auric chloride solution is brownish-red when 
concentrated, and reddish-yellow when more dilute. It shows 
a yellow coloration to a great degree of dilution. Solution of 
auric chloride reddens litmus. Hydrogen gold chloride (hy- 
-drochlorauric acid), HCl.Au01,.4H,0, crystallizes in light 
yellow crystals, which with water give a bright yellow solu- 
tion, the so-called acid gold chloride solution. 

4. Hydrogen, sulphide precipitates the whole of the metal 
from neutral or acid solutions. The brownish-black precipi- 
tate, when precipitated cold, is gold sulphide, Au,S* (L. 
Hosmann and G. Kbuss). Precipitated under somewhat 
'different conditions, it is often mixed with metallic gold or 
sulphur (v. SoHEOTTEB and Pbiwoznik). The precipitate is in- 
-soluble in hydrochloric and in nitric acids, even upon heating, 
but is soluble in nitro-hydrochloric acid. It is also soluble in 
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colorless and in yellow ammonium sulphide, especially by 
heating, and more readily still in sodium sulphide or potas- 
sium sulphide, sometimes leaving behind a residue of black, 
pulverulent gold. It leaves metallic gold when ignited in a 
stream of chlorine, or with a mixture of 5 parts of ammonium 
chloride and 1 part of ammonium nitrate. 

5. Ammonium sulphide precipitates brownish-black gold 
SULPHIDE, AujS^ , which redissolves in an excess of the pre- 
cipitant, especially upon heating. 

6. Ammonia produces, though only in concentrated solu- 
tions of gold, reddish-yellow precipitates of auric oxide 
combined with ammonia (fulminating gold). The more acid 
the solution and the greater the excess of ammonia added,, 
the more gold remains in solution. 

7. Stannous chloride^ containing an admixture of stannic' 
chloride (which may be easily prepared by mixing a solution 
of stannous chloride with a little chlorine-water) produces, 
even in extremely dilute solutions of gold, a purple-red pre- 
cipitate or at least coloration, which sometimes inclines 
rather to violet or to brownish-red. This precipitate, which 
has received the name of purple of oassius,* is decomposed 
by hydrochloric acid, with the separation of gold. 

8. Ferrous salts reduce auric chloride in its solutions, and 
precipitate metallic gold in the form of a most minutely 
divided, brown powder. The fluid in which the precipitate is 
suspended appears of a blackish-blue color by transmitted 
light. The dried precipitate shows metallic luster when 
pressed with the blade of a knife. If, before a small amount 
of ferrous sulphate solution is added, the auric chloride 
solution is made alkaline by a few drops of potassium or 
sodium hydroxide, a black precipitate is obtained instead 
of a dirty green one, even at a great dilution (BL Kose, 
Eudobff). 

9. Potassium nitrite produces, even in highly dilute solu- 
tions, a precipitate of metaliio gold. In very dilute solutions, 

* The much-discussed question, whether the purple of Cassius is a gold 
compound, or whether its color is due to metallic gold contained in it in a. 
state of the finest division, has been decided in favor of the latter view, by the 
comprehensive experiments of Max Muller, Journ. 1 prakt. Ohem 30 
263 . ' 
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the fltiid at first shows only a bine color. SvlpTiwrovs ocmJ 
also precipitates GOU) slowly in the cold, but rapidly by heating. 

10. If oxalic add is added to a gold solution which is free 
from nitric acid, and which contains little or no hydrochloric 
acid or alkali-metal chloride, the gold separates upon warm- 
ing, with evolution of carbonic acid, either in the form of 
brilliant scales or as a golden metallic mirror upon the sur- 
face of the glass vessel, according to the concentration of the 
solution : 2Au01. -f 3H.0,0, = 2Au -f 6H01 -|- 6CO,. 

11. All compounds of gold are reduced in the stick of 
cJutrcoal (p. 34). By triturating the charcoal afterwards, yel- 
low spangles of metal may be obtained, which are insoluble 
in nitric acid, but readily soluble in aqua regia. 

§150. 

6. PiATiNxm, Pt. {Plaiinic Oxide, PtO,.) 

1. MuiTATiLTO FLATINDH in the compact condition has a 
light steel-gray color. It is very lustrous, moderately hard, 
very malleable, very difficultly fusible, and does not oxidize 
upon ignition in the air. Platinum sponge is dull gray, and 
precipitated platinum (platinum-black) is black and finely pul- 
verulent. Platinum is insoluble in hydrochloric, nitric, and 
sulphuric acids, but dissolves in nitro-hydrochloric acid, 
especially upon heating. When hydrochloric acid is in ex- 
cess, the solution contains hydrogen platinio chloride (hydro- 
chloroplatinie acid). Fusing potassium disulphate does not 
attack platinum, but alkaU-metal nitrates oxidize it at a red 
heat, as do also the hydroxides with access of air. 

2. Platinio ozedb, PtO,, is a black powder, while hlahnio 
HXDBOX iDB, Pt(OH),, is a reddish-brown powder. Both are 
reduced by heat. The hydroxide is easily soluble in dilute 
acids and in sodium hydroxide. Platihous oxn>B, PtO, is dark 
violet, its hydroxide is black, and they are both reduced by 
ignition to the metallic state. 

3. The FLAHNio OXYGEN SALTS ate decomposed by ignition. 
They have a yellow or a brown color. Platinic chloride, 
Pt01,.6P[,0, forms red crystals, while hydrogen platinic chlo- 
ride, 2HOLPtOl4.6H,0, forms brownish-red ones. What is 
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usually called platinic chloride solution is the solution of 
hydrogen platinic chloride (hydrochloroplatinic acid). This 
has an acid reaction. Platinic chloride and also hydrogen 
platinic chloride are converted into platinous chloride, PtClj , 
at a low red heat, and upon stronger ignition, into metallic 
platinum. A platinic chloride solution containing platinous 
chloride has a deep, dark brown color. 

4. Hydrogen aidphide gradually colors acid or neutral solu- 
tions brown, and upon continued action, black platinic sul- 
phide, PtS^ , is precipitated, but even after prolonged action, 
the precipitation is not complete. If the solution conta i ning 
hydrogen sulphide is heated, the precipitate is formed at once. 
Many bodies precipitate with it readily, which by themselves 
are not precipitated in acid solutions by hydrogen sulphide, 
especially ferrous sulphide (Wilm). Alkali-metal sulphides, 
particularly when containing an excess of sulphur, dis- 
solve platinic sulphide when they are employed in large 
excess, and act with the aid of heat, but always very slowly, 
and complete solution is attained only with great diflSculty. 
Hot nitric acid dissolves platinic sulphide which has been 
precipitated in the cold to a dark brown liquid, while it scarcely 
dissolves that which has been precipitated hot. Hydrochloric 
acid does not dissolve platinic sulphide, even upon heating. 
When it is ignited in a stream of chlorine or with a mixture 
of 6 parts of ammonium chloride and 1 part of ammonium 
nitrate, metallic platinum is left behind. 

5. Ammonium svlpMde also produces blackish-brown pla- 
tiuic sulphide. This redissolves slowly and with difiBculty in 
a large excess of the precipitant (especially if the latter con- 
tains an excess of sulphur), somewhat more readily upon heat- 
ing, but completely, only wdth difficulty. Acids reprecipitate 
the platinic sulphide unaltered from the reddish-brown solu- 
tion. 

6. Potassium chloride and ammomvm chloride (and accord- 
ingly also potassium hydroxide and ammonia in presence of 
hydrochloric acid) produce in not too highly dilute solutions 
of platinic chloride, yellow, crystalline precipitates of potas- 
siUH and ammonium flatinig ohlobide. From dilute solutions, 
these precipitates are obtained by evaporating the fluid mixed 
with the precipitant, on the water-bath, and treating the resi- 
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due with a little water or with dilute alcohol. The precipi- 
tates dissolve in acids somewhat more readily than in water, 
nind dissolve in concentrated potassium or sodium hydroxide 
upon warming. Upon ignition, ammonium platinic chloride 
leaves spongy platinum behind, while potassium platinic 
chloride leaves platinum and potassium chloride. The de- 
composition of the latter is complete only if the ignition is 
effected in a current of hydrogen gas, or with addition of 
some oxalic acid. 

7. Stannom cHLoride imparts to platinic solutions contain- 
ing much free hydrochloric acid, an intensely dark red to 
brownish-red color, owing to a reduction of platinic chloride 
to platinous chloride, but the reagent produces no precipi- 
tate in such solutions. 

8. Ferrous sulphate does not precipitate solution of platinic 
chloride except upon very long-continued boiling, in which 
case, the chloride ultimately suffers reduction, with the sepa- 
ration of platinum. If, however, sodium hydroxide is added 
to the platinic chloride solution after the addition of ferrous 
sulphate, and hydrochloric acid is then added, platinum-black 
is precipitated. 

9. If potassium iodide in excess is added to a solution of 
hydrogen platinic chloride, there is obtained a very charac- 
teristic, deep, dark red coloration, or, with very dilute solu- 
tions, a rose-red color, 

10. Oxalic acid and sulphurous add throw down no plati- 
num from platinic chloride solutions, even upon heating. 

11. On igniting a compound of platinum mixed with sodium 
(xurbonateon the loop of a platinum wire, in the upper oxidizing 
Jlcme, a gray, spongy mass is obtained, which on trituration in 
an agate mortar yields silver-white, ductile, metallic spangles, 
insoluble in hydrochloric and in nitric acids, but soluble in 
a.qua regia. 


§151- 

Becapitidation a/nd BemarJcs , — The reactions of gold and 
platinum enable us, in many cases, to detect these two metals 
'directly in the presence of many others, and especially m 
solutions containing the two metals alone. In the latter 
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case, it is best to evaporate the solution almost to drjnesa 
upon the water-bath, evaporating with repeated additions of 
hydrochloric acid if nitric acid is present. The residue is 
then taken up with water, oxalic acid is added to the solution 
(which should now contain almost no hydrochloric acid), and 
it is warmed for a long time, so that the gold is completely 
precipitated. The liquid filtered from the gold is treated 
with ammonium chloride, evaporated almost to dryness, and 
the residue is treated with weak alcohol. The excess of the 
ammonium chloride and oxalic acid is thus dissolved, while 
the platinum remains behind as ammonium platinic chloride. 
If very little platinum is present, it is better to evaporate the 
liquid filtered from the gold to dryness, and to ignite the res- 
idue in order to remove the oxalic acid. The platinum re- 
mains behind in the metallic state. This is dissolved in a few 
drops of aqua regia, and the resulting solution is subjected tO' 
further teste. Concerning the microscopic detection of gold 
and platinum, see Hadshofeb, pp. 50 and 100; Behrens^ 
Zeitechr. f. analyt. Chem., 30, 152. 


SEOORD DIVISION. 

SpedoU Reactions. 

§ 162. 

a. Tor, Sn, and Stannous Ooupounds. (Stamoua Oxide, SnO.) 

1. Tin has a light grayish-white color and a high metallic 
luster. It is soft and malleable, and when bent it produces a 
crackling sound. It melts at 228.6°, and boils at a white heat. 
Heated in the air, it is oxidized (but this takes place com- 
pletely only after long heating), and is converted into white 
stannic oxide ; and heated on charcoal before the blowpipe, 
it forms a white incrustation. Concentrated hydrochloric 
add dissolves tin to stannous chloride, with evolution of 
hydrogen gas ; nitro-hydrochloric add dissolves it, according 
to circumstances, to stannic chloride or to a mixture of stan- 
nous and stannic chlorides. Tin dissolves with diflacnlty in 
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dilute sulphuric acid ; but with the aid of heat, concentrated 
sulphuric acid in excess conyerts it into stannic sulphate. 
Moderately dilute nitric acid oxidizes it readily, particularly 
with the aid of heat ; but the white hydroxide formed, meta- 
stannic acid, Sn(OH)^ , does not redissolye in an excess of the 
nitric acid. 

2. Stannous oxide, SnO, is a black or grayish-black 
powder, while stannous hydroxide is white. Stannous oxide is 
reduced to metal by fusion with potassium cyanide. It is 
readily soluble in hydrochloric acid, but nitric acid converts 
it into metastannic acid, which is insoluble in an excess of 
the acid. 

3. The STANNOUS salts are colorless. The oxygen salts of 
volatile acids are decomposed by heat, with the formation 
of stannic oxide where there is access of air. The soluble, 
normal salts redden litmus-paper, while those which are insol- 
uble in water dissolve in hydrochloric acid, if they have not 
been ignited. The stannous oxygen salts rapidly absorb 
oxygen from the air, and are partially or entirely converted 
into stannic salts. Stannous chloride, whether in crystals 
or in solution, also absorbs oxygen from the air, which leads 
to the formation of insoluble stannous oxychloride and stan- 
nic chloride. Hence, a solution of stannous chloride becomes 
speedily turbid if the bottle is often opened, and there is only 
little free acid present ; and none but quite recently prepared 
stannous chloride will completely dissolve in water free from 
air, while crystals of the salt that have been kept for any 
time will dissolve to a clear fluid only in water containing 
hydrochloric acid, 

4. Hydrogen sulphide throws down from neutral and acid 
solutions, a dark brown precipitate of stannous sulphedb, SnS, 
which contains water. This reagent does not precipitate 
Alkaline solutions, at least not completely. The precipitar 
tion may be prevented by the presence of a very large quan- 
Hty of free hydrochloric acid. The precipitate is insoluble, 
or nearly so, in colorless ammonium sulphide, but dissolves 
readily in the yellow sulphide. From this solution, acids pre- 
cipitate yellow stannic sulphide mixed with sulphur. Stan- 
nous sulphide also dissolves in solutions of sodium and 
potassium hydroxides. Warming accelerates the complete 
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solntioii. Acids rcprccipitate it unalterod from tliose solu* 
tions. Boiling liydroclilorio acid dissolves it, with evolution 
of hydrogen sulphide i and boiling nitric acid converts it into 
insoluble metastannic acid. Stannous sulphide, when ignited 
in a stream of chlorine or with a mixture of 6 parts of ammo- 
nium chloride and 1 part of ammonium nitrate, is decomposed 
and completely volatilized. If the latter operation is per- 
formed in a glass tube closed at one end, the tin is found aa 
stannic chloride in the sublimate. 

5. Amvionium svlpMde also precipitates hydrous STANNOua 
SULPHIDE. 

6. Potassium hydroxide^ sodium hydroxide, ammonia, and 
carbonates of the alkali metals produce a white, bulky precipi- 
tate of STANNOUS htdkoxide, Sn(OH),, which redissolvea 
readily in an excess of potassium or sodium hydroxide, but ia 
insoluble in an excess of the other precipitants. If the solu- 
tion of stannous hydroxide in potassium hydroxide is briskly 
evaporated, potassium stannate is formed, which remains in 
solution, while metallic tin precipitates ; but upon evaporat* 
ing slowly, crystalline stannous oxide separates. 

7. If a few drops of bismuth nitrate solution are added to a 
solution of stannous oxide in potassium or sodium hydroxide, 
there results a white precipitate, which rapidly changes into 
black bismuthous oxide (compare § 141, 10). The reaction is 
very delicate. 

8. In solutions of stannous chloride and in those of other 
stannous salts mixed with hydrochloric acid, auric chloride 
produces a precipitate which varies in color between brown, 
reddish-brown, and purple-red, according to the presence of 
more or less stannic chloride and the state of concentration 
(compare § 149, 7). In very dilute solutions, merely a more- 
or less brown or red coloration is produced. 

9. Solution of Tnercurw chloride added in excess to solu- 
tions of stannous chloride, or of stannous oxygen salts mixed 
with hydrochloric acid, produces a white precipitate of mee- 
OUBOUS OHLOBIDE, owing to the stannous salt withdrawing half 
the chlorine from the mercuric chloride. 

10. If a fluid containing a stannous salt and hydrochlorie 
acid is added to a mixture of potassium ferriayanide and ferric 
chloride^ a precipitate of PRUSSIAN blue separates immediately. 
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on account of the reduction of ferric ferrioyanide to ferric 
ferrocyanide : 2Pe,(Fe,C,,N,,) + 4H0I + 2SnCI. = Pe,(FeO. 

Nj, + H^FeCgNj + 2Sn01^ This reaction is extremely deli- 
cate, but it can be regarded as decisive only in cases where 
no other reducing agent is present. 

11. From neutral or slightly acid solutions of stannous 
salts, oxalic o/yid precipitates a white, granular, quicklj^ sub- 
siding precipitate of stannous oxalate, SnC.G* ('difference 
from stannic salts). Concentrated solutions are pi*ecipitated 
immediately, but when more dilute, only after some time. 
Ammonium chloride prevents the precipitation. A solu- 
tion of a stannous salt containing ammonium chloride 
and much oxalic acid is not precipitated by hydrogen sul- 
phide. 

12. From a solution of a stannous salt which is neutral- 
ized as far as possible with potassium hydroxide, hydrogen 
peroxide^ upon warming, throws down all the tin as white, 
flocculent stannic hydroxide (W. Feenoh). 

13. From solutions mixed with hydrochloric acid, zino 
precipitates metallto tin in the form of gi'ay laminre or of 
a spongy mass. If the experiment is made in a platinum 
capsule, the latter is not colored black (difference from 
antimony). 

14. If stannous compounds mixed with sodhim carbonate 
and some borax, or, better still, with a mixture of equal parts 
of sodium carbonate and potassmm cyanide, or with sodium for- 
mate, are exposed on a charcoal support to the inner Uoicpipe 
flame, malleable grains of metallic tin are obtained on cut- 
ting out and forcibly triturating the surrounding parts of 
charcoal with water in a small mortar, and washing off the 
charcoal from the metallic particles. Upon strongly heating 
the grains of metallic tin on a charcoal support, the latter 
becomes covered with a coating of white stannic oxide. The 
stick of charcoal (p. 34) is also admirably adapted for the 
reduction of tin. 

15. If a trace of a stannous compound is added to a borax 
bead colored slightly blue by copper, and the bead is heated 
in the lower redwmg zone of the non-luminous gas-lamp ffame 
(p. 32), it will become reddish-brown to ruby-red, in conse- 
quence of the formation and separation of cuprous oxide 
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(compare § 140, 15). A compound of tin is essential to this 
reaction. The blowpipe flame cannot replace that of the 
gas-lamp, since in the former, cupric oxide can be reduced to 
cuprous oxide without the presence of tin. 

16. Concerning the miorochemical detection of stannous 
compounds, see Haushofeb, p. 153; Behrens, Zeitschr. f, 
analyt. Chem., 30, 155 ; Steeng, Ber. d. deutsch. chem. Ge- 
sellsch., 1889, Kef., p- 34 


§163. 

h. Tin, Sn, in Stannic Compounds. {Stannio OMe, SnO,.) 

1. Stannic oxide is a powder varying in color from white 
to straw-yellow, which upon heating transiently assumes a 
brown tint. When heated with concentrated sulphuric acid 
or fused with potassium disulphate, it gives compounds from 
which water separates all the stannic oxide. Other acids do 
not attack stannic oxide. When it is ignited with ammonium 
chloride, the tin volatilizes as stannic chloride. Stannic oxide 
forms with acids, bases, and water, two different series of 
compounds : the stannic oxide or stannic acid compounds, 
and the metastannic acid compounds. The chlorides (stan- 
nic chloride and metastannic chloride) correspond to the 
compounds with oxygen acids. The hydroxide precipitated 
from stannic chloride solution by alkalies dissolves easily in 
hydrochloric acid, but that produced by the action of nitric 
acid upon tin, metastannic hydroxide, does not dissolve in 
that acid. If the latter, however, is boiled a short time with 
hydrochloric acid, metastannic chloride, slightly soluble in 
hydrochloric acid, is formed, and if the excess of add is now 
poured off and water is added, a solution of metastannic 
chloride, usually somewhat opalescent, results. 

2. The STANNio OXYGEN SALTS are colorless. The solutions 
of the normal salts redden litmus. The oxygen salts with 
volatile kcids are easily decomposed by ignition. Anhy- 
drous STANNIC CHLORIDE, SnOl^ , is a volatile liquid, strongly 
fuming in the air. It dissolves in cold water to stan- 
nic chloride solution. This is not precipitated by concen- 
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trated hydrochloric acid nor by sulphuric acid, unless it 
is vevy dilute, and it does not become yellow upon the 
addition of stannous chloride. The a(][ueous solution of 
metastannic chloride, on the other hand, is precipitated by 
concentrated hydrochloric acid and by sulphuric acid, and 
is colored yellow by stannous chloride. The dilute solutions 
of both chlorides are precipitated by boiling, and this takes 
place very rapidly with metastannic chloride. 

3. By fusing stannic oxide, stannic hydroxide, or meta- 
stannic hydroxide with alkali-metal hydroxides, stanna.tbs 
soluble in water are formed, from the solutions of which, 
acids (even carbonic acid) separate stannic hydroxide. By 
fusing with alkaline carbonates, only a part of the stannic 
oxide is converted into stannate. 

4. In stannic chloride solutions containing a moderate 
amount of free hydrochloric acid, hydrogen, evdphide acting in 
excess produces a light yellow precipitate of stannic sulphide, 
SnSj, which contains stannic hydroxide, and does not 
change in color. In more dilute or less acid solutions, the 
precipitate is not always formed immediately, and it gradu- 
ally becomes more intensely yellow. In very dilute solu- 
tions containing no free acid, the precipitate produced after 
some time is at first white, but afterwards yellow. Warming 
facilitates the precipitation. Alkaline solutions are not pre- 
cipitated, and a great amount of free hydrochloric acid like- 
wise prevents the precipitation. Oxalic acid, also, added in 
sufficient amount (35 to 40 parts of oxalic acid to 1 part of 
tin), prevents the precipitation (difference from antimony 
and arsenic, Clabke, Lessee). The precipitate dissolves 
with some diffiouliy in ammonia, is nearly insoluble in am- 
monium carbonate, and insoluble in hydrogen potassium 
sulphite. It dissolves readily in potassium and sodium 
hydroxides, in alkaline sulphides, in concentrated, boiling 
hydrochloric acid, and also in aqua regia. The precipitate 
produced in metastannic chloride solutions by hydrogen 
sulphide, viz., stannic sulphide containing metastannic hy- 
droxide, is formed slowly, especially in dilute solutions. 
It becomes more or less brown upon long standing under 
the liquid. An excess of sodium hydroxide dissolves the 
stannic sulphide out of it, leaving behind undissolved sodium 
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metastannate (Babfoed). Concentrated nitric acid converts 
all the precipitates produced by hydrogen sulphide into 
metastannio hydroxide. When ignited with a mixture of & 
parts of ammonium chloride and 1 part of ammonium 
nitrate, the precipitates behave in the same way as stannous 
sulphide (§ 152, 4). Upon deflagrating them with sodium 
nitrate and carbonate, sodium sulphate, stannic oxide, and 
some sodium staimate are obtained. If a solution of stannic 
sulphide in potassium hydroxide or sodium hydroxide is 
boiled with bismuth oxide or cupric oxide, sulphides of the 
latter metals are formed, while an alkaline stannate remains 
in solution. 

5. Ammmdvm sidphide produces yellow, hydrous stannic 
siniiPHiDE, which dissolves readily in an excess of the precip- 
itant. From this solution, acids reprecipitate the stannic 
sulphide unaltered. 

6. Potassium and sodium hydroxides give, in stannic 
chloride solutions, white precipitates of stannic htdboxide, 
which dissolve readily in an excess of the precipitant. From 
metastannic chloride solutions, potassium hydroxide throws 
down uetastannxo htdboxide, which dissolves in a moderate 
excess of the precipitant. With a larger excess, potassium 
metastannate separates, which is difficultly soluble in potas- 
sium hydroxide, but soluble in water. From metastannio 
chloride solutions, sodium hydroxide precipitates white 
soDitm hbtastannate, which does not dissolve in an excess of 
sodium hydroxide. Stannic hydroxide as well as metastannio 
hydroxide, when dried over sulphuric acid, have a composi- 
tion corresponding to the formula SnO(OH),. 

7. Potassium carbonate gives a white precipitate in a 
stannic chloride solution. The precipitate, stannic hxdbox- 
XDi^ containing potassium, dissolves in an excess of the 
reagent, but separates again upon standing. The pre- 
cipitate by sodium carbonate does not dissolve in an excess of 
the precipitant The white precipitates which alkali-metal 
carbonates produce in metastannio chloride solutions dissolve 
scarcely or not at all in an excess of the precipitants. 

8. Sodium svipholte or ammonium nitrate (in fact, most 
normal alkali-metal salts, when added in excess) throws down 
from both kinds of stannic solutions, provided they are not too 
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acid, the whole of the tin as stannio or METASTAmsic etdboxide. 
Heating promotes the precipitation : Sn01« + 4Na,SO, + 
4H,0 = Sn(OH), + 4NaCl + 4NaHSO,. 

9. From solutions of stannic chloride, in the presence of 
free acid, metaMic zinc precipitates metaluc tin in the shape 
of small, gray scales or as a spongy mass. If the operation 
is conducted in a platinum dish, no blackening of the latter 
is observed (difference from antimony). 

10. If a stannic chloride solution is boiled for a long time 
with metallic copp&r, the stannic chloride is reduced to 
stannous chloride, and .the solution then precipitates mer- 
curous chloride from mercuric chloride solution (Pathson 
Mmn). 

11. Before the Uotopipe or in the gaa fiamc, the stannic 
compounds show the same reactions as the staimous com- 
pounds (compare § 152, 14 and 15). Stannic oxide is also 
readily reduced when fused wi& potassium cyanide in a glass 
tube or in a crucible. 

12. In relation to the detection of stannic compounds by 
microchemical methods, see Haushofkb, p. 156; Behkbns, 
Zeitschr. f. analyt. Ghem., 30, 155; SxBENa, Ber. d. deutsch. 
ohem. Gesellsch. 1889, Bef., p. 34. 

§ 154 

c. AimMONy, Sb. {Antimonioua Oadde, Sb,0,.) 

1. Metaluo AimmoNT has a bluish tin-white color, is 
lustrous, hard, brittle, fusible at 480°, and volatile at a very 
high temperature. When heated on charcoal before the 
blowpipe, it emits thick, white fumes of antimonious oxide, 
which form a coating on the charcoal. This combustion con- 
tinues for some time, even after the removal of the metal 
from the flame; and is most distinctly visible if a strong 
current of air is thrown by the blowpipe directly upon the 
sample on the charcoal. But if the fumes ascend straight, 
the hot, metallic bead becomes surrounded with a net of 
brilliant, acicular crystals of antimonious oxide. Nitric acid 
oxidizes antimony readily. The dilute acid converts it almo?*’ 
entirely into antimonious oxide, while the more concentrated 
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the &cid the more antimonic oxide (metantimonic acid) is 
formed, aod the boiling, concentrated acid converts it almost 
completely into antimonic oxide. Neither of the two oxides 
is altogether insoluble in nitric acid ; consequently, traces of 
antimony are always found in the acid fluid Altered from the 
precipitate. Even boiling hydrochloric acid, with exclusion 
of air, does not attack antimony. In nitro-hydrochloric acid, 
the metal dissolves readily, the solution containing antimoni- 
ous chloride, Sb01„ or antimonic chloride, SbCl,, according 
to the degree of concentration of the acid and the duration 
of the action. 

2. According to the mode of its preparation, ahtbionioub 
OXIDE, Sb,0„ occurs in white and brilliant crystalline needles, 
or as a white powder. It fuses at a moderate red heat out 
of contact with air, and at a higher temperature, it volatilizes 
without decomposition. It is insoluble in water, almost 
insoluble in nitric acid, but dissolves readily in hydrochloric 
and tartaric acids. No separation of iodine takes place on 
boiling it with hydrochloric acid free from chlorine and 
potassium iodide free from iodic acid (Bunsen). Antimoni- 
ous oxide is easily reduced to metal by fusion with potassium 
cyanide. 

3. Antimonio oxide (or Aoro), Sb,0„ is pale yellow. It 
forms three hydroxides with water: orthoantimonio acid, 
B^SbO,; pyroantimonic acid, H«Sb,0,; and metantimonic acid, 
HSbO,. These hydroxides are white, and they redden moist 
litmus-paper. The anhydrous acid and its hydrates scarcely 
dissolve in water, they are almost insoluble in nitric acid, 
but they dissolve rather readily in hot, concentrated' hydro- 
chloric acid, forming a solution containing antimonic chlo- 
ride, SbCl,, which becomes turbid upon the addition of water. 
On boiling antimonio acid with hycboohloric acid and potas- 
sium iodide, iodine separates, which dissolves in the hydriodio 
acid present to a brown fluid (Bunsen). Upon ignition, anti- 
monic acid loses oxygen, and is converted into infusible 
ANTlMOKious ANTOiONATE, Sb^O*. The potassium antimonates, 
pyroantimonates, and metantimonates are only partly soluble 
in water. Acids precipitate from the solutions the correspond- 
ing antimonio acids, and sodium chloride precipitates acid 
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sodium pyroantimonats from a solution of acid potassium 
pjroantimonate (§ 95, 2). 

4. The ANTiMONiocs SALTS of volatile oxygen acids are 
decomposed by ignition. The halogen salts are readily vola- 
tile without decomposition. The soluble, normal antimoni- 
ous salts redden litmus-paper. With a large quantitv of 
water, they are decomposed, with formation of insoluble basic 
salts and acid solutions containing antimony. Thus, wafer, 
when added in considerable amount, throws down from 
solutions of antim onions chloride in hydrochloric acid, 
a white, bulky precipitate of antimonious oxtchlobide, 
Sb,0,01, (powder of Algaroth), which soon becomes heavy 
and crystalline. Tartaric acid dissolves this precipitate 
readily, and therefore prevents its formation if mixed with 
the solution previously to the addition of the water. It 
is this property that distinguishes this antimony compound 
from the basic bismuth salts formed under similar cir- 
cumstances. 

5. From acid solutions of antimonious salts (if the quantity 
of free mineral acid present is not too large), hydrogen sulphide 
precipitates the whole of the metal as orange-red, amor- 
phous ANTIMONIOUS SULPHIDE, Sb,S,. In alkaline solutions, 
this reagent fails to produce a precipitate, or, at least, it pre- 
cipitates them only imperfectly ; and in neutral solutions, also, 
the metal is only partially thrown down by it. The antimoni- 
ous sulphide produced is readily dissolved by potassium or 
sodium hydroxide and by alkali sulphides, especially if the 
latter contain an excess of sulphur. It is dissolved to a 
slight extent by ammonia, but if free from antimonic sulphide, 
it is almost insoluble in ammonium bicarbonate. It is in- 
soluble in cold, dilute acids and in acid potassium sulphite. 
Concentrated hydrochloric acid of 1.18 sp. gr. dissolves it 
even in the cold, with evolution of hydogen sulphide, and, 
upon heating, it dissolves even in the acid of 1.12 sp. gr. 
Upon heating in the air, the precipitate gives a mixture of 
antimonious antimonate and antimony sulphide. If it is 
deflagrated with sodium nitrate, sodium sulphate and pyro- 
antimonate are obtained. Ignited in a stream of chlorine nr 
with a mixture of 5 parts of ammonium chloride and 1 part 
of ammonium nitrate, antimony sulphide is decomposed and 
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completely volatilized. If the latter operation takes place in 
ii glass tube closed at one end. antimonious chloride is found 
in the sublimate, ^ If the solution of antimonious sulphide in 
potassium hydroxide or potassium sulphide is boiled with 
bismuth oxide, bismuth sulphide is formed, and antimonious 
oxide remains dissolved in potassium hydroxide ; and if the 
alkaline solution is boiled with cupric oxide, cuprous sulphide 
is produced, and the solution then contains potassium 
pyroantimonate. On fusing antimonious sulphide with po- 
tassium cyanide, metallic antimony and potassium sulpho- 
•cyauide ai*e formed. If the operation is conducted in a 
'small tube expanded into a bulb at the lower end, or in a 
stream of carbon dioxide (see § 166, 13), no sublimate of anti- 
mony is produced. But if a mixture of antimonious sul- 
phide with sodium carbonate or with potassium cyanide and 
sodium carbonate is heated in a glass tube in a stream of 
hydrogen gas (compare § 155, 4), a mirror of antimony is 
deposited in the tube, immediately beyond the spot occu- 
pied by the mixture. 

From a solution of antimonio acid in hydrochloric acid, 
hydrogen sulphide throws down antmonio sulphide, Sb^S*, 
mixed with antimonious sulphide and sulphur. The precipi- 
tate dissolves readily when heated with solution of caustic 
soda or ammonia, and easily in concentrated, boiling hydro- 
chloric acid, with evolution of hydrogen sulphide and separa- 
tion of sulphur, but it dissolves only very sparingly in a cold 
solution of hydrogen ammonium carbonate. 

6. Ammonium sulphide produces in solutions of antimoni- 
ous salts, an orange-red precipitate of antimonious sulphide, 
which readily redissolves in an excess of the precipitant if 
the latter contains an excess of sulphur. Acids throw down 
from this solution antimonic sulphide, Sb^S,. However, in 
that case, the orange color usually appears of a lighter tint, 
owing to an admixture of sulphur. 

7. If aqueous sulphurous acid is added to a solution of 
eodium thiosulphate (whereupon the solution becomes y«llow- 
ish), and then some solution of an antixaonious salt is also 
added, and the liquid is heated to boiling, it at first becomes 
turbid from the separation of sulphur, then the antimony 
separates as red antikont oinnabab, Sb,S,0. 
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8. From solutions of antimonious chloride, and also of 
other simple antimonious salts — ^but far less completely, and 
mostly only after some time, from solutions of tartar emetic or 
analogous compounds— hydroxide, sodinm hydroxide, 
amnumia, sodium ca/rhonate, and ammonium carbonate throw down 
a white, bulky precipitate of antimonious hydboxtoe, which re- 
dissolves rather readily in an excess of potassium or sodium 
hydroxide, but requires the application of heat for its resolu- 
tion in sodium carbonate, and is almost insoluble in ammonia. 

9. From all solutions of antimonious salts, if they contain 
no free nitric acid, metalUc wne and likewise metaUio tin 
(Pieszozee;) precipitate metaujo antimont as a black powder. 
If a few drops of a solution of antimony containing some free 
hydrochloric acid are put into a platinum capsule (the lid of a 
platinum crucible), and a fragment of zinc or tin is introduced, 
hydrogen containing hydrogen antimonide is evolved, and 
antimony separates^ staining the part of the platinum covered 
by the liquid brown or black, even in the case of very dilute 
•solutions. This reaction is to be highly recommended as 
equally delicate and characteristic. Oold hydrochloric acid 
of 1.12 sp. gr. soon removes the stain if it is very faint, but it 
removes it slowly and only upon warming if it is strong, 
while heating with nitric acid removes it immediately. 

• 10. If the solution of an antimonious salt containing some 
hydrochloric acid is warmed with bright iron, e.g., a piece of 
wire, all the antimony separates in a short time, with evolu- 
tion of hydrogen, in the form of heavy, black flocks (difference 
from tin). 

11. If a solution of antimonious oxide in potassium or 
sodium hydroxide is mixed with a solution of siher nitrate, a. 
deep black precipitate, which was formerly believed to be 
argentous oxide, forms with the grayish-brown precipitate of 
argentic oxide. Upon now adding ammonia in excess, the 
latter is redissolved, while the black precipitate is left undis- 
solved (H. Bose). According to the Investigations of Pmum, 
this is a variable mixture of antimony and silver, which may 
perhaps contain a chemical compound of both. . This exceed- 
ingly delicate reaction affords an excellent means of detecting 
Ant^onious oxide in presence of antimonic add. 

12. If any solution of antimony in hydrochloric or sni- 
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phuric acid is introduced into a flask in which hydrogen gas 
is being evolved from pure zinc and dilute svlphuTtc G>cid, the 
zinc produces a reduction of the antimony compound in ad- 
dition to the evolution of hydrogen. Antimony separates in 
the metallic state, but another portion pf the metal combines 
with hydrogen, forming htdeogen antimonide gas, SbH,. If 
this operation takes place in the apparatus which is used 
for Maiish*s test for arsenic (§ 165, 10), and after all the air 
has been expelled, the gas which is escaping from the fine 
opening is ignited,* the flame appears bluish-green from the 
antimony, separated by the decomposition of the hydrogen 
antimonide, burning in the flame. White fumes of antimoni- 
ous oxide rise from it, which are readily deposited upon cold 
bodies and do not dissolve in water. However, if a cold 
body (a porcelain dish is best) is held in the flame, metallic 
ANTIMONY f is deposited upon it in an extremely fine state of 
division, forming a deep black and almost lusterless spot. If 
the middle part of the tube through whicb the gas is passing 
IS heated to redness, the bluish-green tint of the flame decreases 
in intensity, and a metallic mirror of antimony of silvery lus- 
ter is formed within the tube, on both sides of the heated part. 

As compounds of arsenic give under the same circum- 
stances similar stains or mirrors (§ 165, 10), it is always 
necessary to examine carefully the spots produced, in order 
to ascertain whether they really consist of antimony or con- 
tain any of that metal. With stains deposited on a porcelain 
dish, the object in view is most readily attained by treating 
them with a solution of sodium hypochlorite and sodium chlo- 
ride {prepared by mixing a solution of calcium hypochlorite 
with sodium carbonate in some excess, and filtering), which 
will immediately dissolve arsenical stains, leaving those pro- 
ceeding from antimony untouched, or at least removing them 
only after a very protracted action. A mirror within the glass 
tube, on the other hand, may be tested by heating it while 
the current of hydrogen gas still continues to pass through 
the tube. If the mirror volatilizes only at a rather high tem- 

* The coloration of the flame appears especially distinct and puie when the 
gas escapes from a platinum jet. 

f Whether this is actually antimony or perhaps solid hydrogen antimonide 
requires further investigation (J. W. Kbtoeus) 
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peratnre, and the hydrogen gas then issuing from the tnbe 
does not smell of garlic, and if it is only with a strong current 
that the ignited gas deposits spots on porcelain, and the 
mirror before volatilizing fuses to small, lustrous globules dis- 
tinctly discernible through a magnifying glass, the presence of 
antimony may be considered certain. Moreover, the metals 
may be distinguished with great certainty by conducting 
through the tube a very alow s,\!xe>a,m of dry hydrogen sulphide, 
and heating the mirror moderately, proceeding in an opposite 
direction to that of the current. The autimonial mirror is by 
this means converted into antimonious sulphide, which ap- 
pears of a more or less reddish-yellow color, but looks black if 
it becomes crystalline. If a feeble stream of dry hydrochloric 
acid gas is now transmitted through the glass tube, the anti- 
monious sulphide, if present in thin layers only, disappeai's 
immediately; while if the incrustation is somewhat thicker, 
it takes a short time to dissipate it. The reason for this is 
that the antimonious sulphide decomposes readily with hydro- 
chloric acid, and the antimonious chloride formed is esceed- 
ingly volatile in a stream of hydrochloric acid gas. If the 
gaseous current is now conducted into some water, the pres- 
ence of antimony in the latter fluid may be readily proved by 
means of hydrogen sulphide. By this combination of reac- 
tions, antimony may be distinguished with positive certainty 
from all other metals. The reactions which hydrogen gas 
containing hydrogen antimonide shows with solutions of sil- 
ver nitrate and mercuric chloride, and with solid potassium 
hydroxide, will be found in § 157, 7. 

13. If a solution of antimonious oxide in potassium or 
sodium hydroxide is heated with cduininium or with and a 
little magnesium, all the antimony separates, and hydrogen is 
evolved. Hydrogen antimonide does not go off in this case 
(difference from arsenious acid, which gives hydrogen arsen- 
ide when subjected to this treatment, ^gee. Gatehouse). 

Jf g, mixture of a compound of antimony with sodium 
aarbonate and potassium cyanide or with sodium formate is 
exposed on a charcoal support to the reducing fams of the 
blotopipe, brittle globules of aETAEiJO amtdioni are produced, 
which may be readily recognized by the peculiar reactions 
that mark their oxidation (compare § 154, 1). 
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15. In the upper reducing flame of the gas-lamp (p. 32), 
compounds of antimony give a greenish-gray color, and no 
odor. The 'tnetoUic incrustaticm is black, sometimes dull, 
sometimes bright. The incrustcdion of oxide is white. When 
moistened with entirely neutral silver nitrate and then blown 
on with ammonia, it gives a black spot (Bunsen). 

16. In relation to the microchemical detection of anti- 
mony, see Hattshofer, p. U; Behrens, Zeitschr. f. analyt. 
Chem., 30, 163, 


§165. 

d » Arsenic, As, and Arsenious Compounds. 

(Ai'senious Oxide or Add, As,0,.) 

1. Metallio arsenic, in a microcrystalline condition, is 
black (J. W. Eetoers), but when it is in distinct crystals, it is 
steel-gray, and has a high luster, which it retains in dry air, 
but loses in moist air by becoming superficially oxidized. 
The metallic arsenic of commerce is therefore commonly 
dull, with a dim, bronze luster on the planes of crystallization. 
Arsenic is not very hard, but very brittle, and at a dull red heat, 
under ordinary pressure, it volatilizes without fusion. The 
fumes escaping into the air have a most characteristic odor 
of garlic, which is ascribed to a suboxide of arsenic occnrring 
in a state of vapor. Heated with free access of adr, arsenic 
burns — at an intense heat, with a blnish flame — emitting 
white fumes of arsenious oxide, which condense on cold 
bodies. If arsenic is heated in a glass tube sealed at the 
lower end, the greater part of it volatilizes unoxidized ; and 
if it is heated in a stream of carbonic acid, it volatilizes wholly 
iiiioxidized, and recondenses above or beyond the heated spot 
as a sublimate (arsenical mirror). This is usually brilliantly 
gray next to the heated part (crystalline), and beyond this it is 
black (microcrystalline). Upon heating in a stream of hydro- 
gen, in addition to the arsenic mirror, a more volatile, Jbrown 
sublimate of solid hydrogen arsenide is formed (Betgebs). In 
contact with air and water, arsenic oxidizes slowly to arseni- 
'ous acid. Weak nitric acid converts it, with the aid of heat. 
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into arsenious oxide, which dissolves only sparingly in an ex- 
cess of the acid ; but strong nitric acid converts it partially 
into arsenic acid. It is insoluble in hydrochloric acid and 
dilute sulphuric acid, while concentrated, boiling sulphuric 
acid oxidizes it to arsenious oxide, with evolution of sulphur 
dioxide. It dissolves in aqua regia easily to arsenic acid. 

2. Absenious oxide or acid, in the amorphous condition, is a 
colorless, transparent, glassy mass. In the crystalline con- 
dition, it forms a white, porcelain-like mass or occurs also 
in well-formed crystals. When pulveidzed, it appears as a 
heavy, white, gritty powder. When heated, it volatilizes in 
white, inodorous fumes. If the operation is conducted in a 
glass tube, a sublimate is obtained, consisting of small, 
brilliant octahedrons and tetrahedrons. Arsenious acid is 
only difficultly naoistened by water, and comports itself in 
this respect like a fatty substance. It is sparingly soluble in 
cold, but more readily in hot water. It is copiously dissolved 
by hydrochloric acid, as well as by solutions of potassium 
and sodium hydroxides. Upon boiling with nitro-hydro- 
chloric acid, it dissolves to arsenic acid. It is highly 
poisonous. 

If a small fragment of arsenious oxide is placed in the 
point of a drawn-out glass tube (Kg* 36), and a splinter of 
^Tiarcodlt broken from a piece that has been freshly ignited, 
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is placed above it, and tbe latter is first heated to redness 
«nd t he" the arsenious oxide is also heated, the vapors 
of the arsenious oxide are reduced hy the redJiot charcoal, 
and a or lorrAlMO abseoto is obtained. If the tube 
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is now cut off between a and c, and is heated in an inclined 
position (with c at the top), the arsenic is YolatUized, giving 
the garlic-like odor. This is the simplest as well as the 
surest method of detecting pure arsenious acid. 

3. The ARSENITES are mostly decomposed upon ignition^ 
either into arsenates and metallic arsenic which volatilizes^ 
or into arsenious oxide and the base with which it was com- 
bined. Of the arsenites, only those with alkali bases are 
soluble in water. The insoluble arsenites are dissolved, or 
at least decomposed, by hydrochloric acid. Anhydrous 
ARSENIOUS CHLORIDE, AsOlg , is a colorless volatile liquid, fum- 
ing in the air, which will bear the addition of a little water, 
but is decomposed by a larger amount into arsenious oxide, 
which partly separates, and hydrochloric acid, which retains 
the rest of the arsenious oxide in solution. If a solution of 
arsenious oxide in hydrochloric acid is evaporated by heat, 
arsenious chloride escapes along with the hydrochloric acid. 
When such a solution is heated in a distilling apparatus, the 
arsenic is obtained in the form of arsenious acid in the 
distillate, which also contains hydrochloric acid. If the 
distillation is repeated with renewed additions of fuming 
hydrochloric acid, all the arsenious acid is obtained in 
the distillate. 

4. Hydrogen sulphide colors aqueous solutions of arsenious 
acid yellow, but produces no precipitate in them. It fails 
equally to give a precipitate in aqueous solutions of normal 
alkali arsenites, but upon addition of a strong acid, a bright 
yellow precipitate of arsenious sulphide, As^S,, forms at once. 
The same compound forms in like manner in the hydro- 
chloric acid solution of arsenites insoluble in water. Even 
a large excess of concentrated hydrochloric acid does not 
prevent complete precipitation. Alkaline solutions are not 
precipitated. Arsenious sulphide is readily and completely 
dissolved by alkalies, normal alkali carbonates, and also by 
alkali sulphides. Freshly precipitated arsenious sulphide 
is also soluble in alkali-metal acid sulphites. It is nearly 
insoluble in hydrochloric acid, even though concentrated and 
boiling. Boiling nitric acid decomposes and dissolves the 
sulphide readily. 

The deflagration of arsenious sulphide with sodium car- 
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bonate and nitrate gives rise to the formation of sodinm 
arsenate and sulphate. When it is heated with a mixture of 
6 parts of ammonium chloride and 1 part of ammonium 
nitrate, in a glass tube, complete volatibzation takes place. 
The arsenic is found in the sublimate as arsenious chloride. 
When a solution of arsenious sulphide in ammonia is heated 
■with an excess of hydrogen peroxide, a clear liquid is pro- 
duced, containing ammonium sulphate and arsenate. Upon 
boiling a solution of arsenious sulphide in sodium sulphide, 
or, also, in potassium or sodium hydroxide, with bismuth 
hydroxide, carbonate, or basic nitrate, bismuth sulphide and 
potassium (or sodium) arsenite are produced. By boiling 
such a solution with cupric oxide, cuprous sulphide and 
sodium (or potassium) arsenate are formed. 

If arsenious sulphide is mixed with 3 or 4 parts of sodium 
carbonate, with the addition of a little water, the pasty mass 
is then spread out upon small fragments of glass, and after 
this has been well dried, it is quickly heated to redness in a 
glass tube through which dry hydrogen is being passed, the 
greater part of the arsenic will be reduced and driven off if 
the temperature is high enough. A part of that which is 
driven off is obtained as a metallic mirror in the tube, and the 
more volatile, brown sublimate of solid hydrogen arsenide is 
likewise formed. The rest of the arsenic escapes as gaseous 
hydrogen arsenide with the hydrogen, and when the latter is 
ignited, it gives a bluish color to the flame, and, when a porce- 
lain dish is held in the latter, causes the production of 
brownish-black stains of solid hydrogen arsenide (Betoebs). 
This method of reduction gives accurate results, but does not 
permit the distinction of arsenic from antimony ■with suf- 
ficient certainty, or the detection of the former in the pres- 
ence of the latter (compare § 154, 5), and the method is there- 
fore generally replaced by the reducing operation described 
in § 166, 13. 

6. Ammomvm sulphide also causes the formation of abseni- 
ous smifHiDE. In neutral and alkaline solutions, however, 
the arsenious sulphide does not precipitate, but remains 
dissolved as ammonium sulpharsenite, yet from this solu- 
tion, it precipitates immediately upon the addition of a free 
acid. 
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6. Silver nitraie, added in slight excess, leaves aqueous, 
solutions of arsenious acid perfectly clear, or at least pro- 
duces only a trifling yellowish-white turbidity in them ; but if 
a little ammonia is added, a yellow precipitate of silver absen- 
ITE, Ag,AsO, , separates. Upon the addition of silver nitrate 
to the solution of a normal alkali-metal arsenite, an almost 
white precipitate is formed, which becomes yellow only upon 
the addition of a little potassium hydroxide. Silver arsenite 
dissolves readily in nitric acid as well as in ammonia when 
some alkaline nitrate is present, and is not insoluble in ammo- 
nium nitrate. If, therefore, a small quantity of the precipitate 
is dissolved in a large amount of nitric acid, and the latter is 
afterwards neutralized with ammonia, the precipitate does not. 
make its appearance again, since it remains dissolved in the 
ammonium nitrate formed. The reaction is produced most 
delicately by adding a layer of ammonia upon the top of the 
liquid to which silver nitrate has been added. The precipi- 
tate then appears at the point of contact of the two liquids as 
a yellowish zone. If a solution of arsenious acid is heated to 
boiling after the addition of a small excess of silver nitrate- 
and a moderate excess of ammonia, metallic silver separates,, 
while the arsenious acid is converted into arsenic acid. 

7. ' Cupric nuiphate does not produce a precipitate in 
aqueous solutions of arsenious acid, but upon the addition of' 
an alkali, a yellowish-green precipitate of cupric arsenite, 
GuHAsO, , is produced. This dissolves in potassium hydrox- 
ide as well as in sodium hydroxide to a blue liquid, from which 
cuprous oxide separates upon boiling (.compare 8). 

8. If arsenious acid is dissolved in an excess of potassium 
or sodium hydroxide, or if potassium or sodium hydroxide is 
added in excess to the solution of an alkaline arsenite, and a 
small amount of a very dilute solution of cupric avULphate is 
then added, a clear, blue solution is obtained, which upon 
boiling gives a red precipitate of cuprous oxide. The solu- 
tion contains potassium or sodium arsenate. This reaction 
succeeds easily, and is exceedingly delicate provided not too. 
much of the cupric sulphate is used. Even should the red 
precipitate be so exceedingly minute as to escape detection 
when looking across the tube, yet it will always be discerni- 
ble with great distinctness upon looking down the test-tube^ 
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Although this reaction is really of great importance in certain 
instances as a confirmatory proof of the presence of arsenioua 
acid, and more particularly, also, as a means of distinguish- 
ing that acid from arsenic acid, yet it is entirely inapplicable 
for the direct detection of arsenic, since grape-sugar and other 
organic substances produce cuprous oxide from cupric salts 
in the same manner. 

9. If a solution of arsenious oxide mixed with hydrochloric 
acid is heated with a perfectly clean strip of cofper or copper 
wire, an iron-gray, metallic film is deposited on the copper. 
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even in highly dilute solutions ; and when this film increases 
in thickness, it peels off in black scales. If after washing off 
the free acid, the coated copper is heated with solution of am- 
monia, the film peels off from the copper, and separates in 
the form of minute spangles (Eeinsoh). These are not pure 
arsenic, but consist of oopebb aesbnide, Cu,As,. If the sub- 
stance, either simply dried or oxidized by ignition in a cur- 
rent of air (which is attended with escape of some arsenious 
Btcid'l, is heated in a current of hydrogen, there escapes rela- 
tively but little arsenic, alloys richer in copper being left 
behind (JtoBNlUiB, Lippebt). Only after the presence of ar- 
senic in the alloy has been fully demonstrated, can this reao- 
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tion be considered a decisive proof of the presence of that 
metal, as under the same oiroumstanees, antimony and other 
metals v'ill also precipitate in a similar manner upon copper, 
and a black coating is formed upon the copper in the presence 
of sulphurous acid- 

10. If an acid or neutral solution of arsenious acid or any 
of its compounds is mixed with zinc^ water, and dilute sulphuric 
acid or hydrochloric acid, htdeogen arsenide, AsH, , is formed, 
in the same manner that compounds of antimony give hy- 
drogen antimonide under analogous circumstances (compare 
§ 154, 12). This reaction affords a means for the detection of 
even the most minute quantities of arsenic. The operation 
is conducted in the apparatus illustrated in Fig. 37, or in one 
of similar construction-* a is the evolution-flask; b, a bulb 
intended to receive the water carried with the gaseous cur- 
rent ; c, a tube filled with cotton wool and small lumps of 
calcium chloride for drying the gas.t This tube is connected 
with b and d by rubber tubes which have been boiled in 
a solution of sodium hydroxide; d should have an inner 
diameter of 7 mm (Fig. 38), and must be made of 

O difficultly fusible glass, free from lead and as free as 
possible from arsenic. In experiments requiring 
great accuracy, the tube should be drawn out as shown 
Pig. 88 . ^ small a quantity of zinc, as pure 

as possible, but in any case entirely free from arsenic, J is 
placed in the evolution-flask, water is poured through the 
funnel-tube until the end of it is covered, and then pure sul- 
phuric acid diluted with 3 parts of water is added gradually 
through the funnel-tube, so that a uniform and moderate 
stream of hydrogen is produced. As soon as it is certain 


prefer the very conyenient form of Mak8H*b apparatus, which Is 
recommended by P. J. Otto. 

t A bulb-tube containing a little concentrated sulphuric add may also be 
used for drying the gas (Lyttebns, Lenz). 

t Since zinc which is entirely free from other metals evolves hydrogen 
with dilute sulphuric acid only very slowly, it was formerly customary to add 
a trace of platluic chloride to the liquid, which causes a lively evolution of 
hydrogen to take place at once But since, according to Thiele, the delicacy 
of the arsenic reaction is thus dimiuisbed, it is more advisable to use zinc con- 
taining a trace of iron, such as is obtained when molten zinc is stirred with 
an iron rod (L. L’H^b}. 
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that all the air has been driven out of the apparatus, the gas 
escaping from the tube d is ignited. It is advisable to wrap 
a towel around the flask before kindling the gas, to guard 
against accidents in case of an explosion. It is flrst abso- 
lutely necessary to ascertain whether the zinc and the sul- 
phuric acid are quite free from any admixture of arsenic. This 
is done by depressing a porcelain dish horizontally upon the 
flame, in order to make it spread over the surface ; and if the 
hydrogen contains hydrogen arsenide, brownish or brownish- 
black stains of solid hydrogen arsenide will appear on the 
porcelain. If this is not the case, in addition to the above 
test, in accurate experiments, the part of the tube d shown in 
the figure is heated to redness for some time, to see whether 
the arsenic coating does not show itself at the narrowed part 
of the tube. When it is certain that the hydrogen is pure, 
the liqtdd to be tested for arsenic is poured through the 
funnel-tube, and the latter is rinsed with water. It is to be em- 
j>haticcdly recommended that only a very little of the liquid to 
be tested should be put in at first, since in cases where the 
quantity of arsenic present is considerable, and a somewhat 
large supply of the fluid is poured into the flask, the evolution 
of gas often proceeds with such violence as to stop the further 
progress of the experiment. 

Now if the fluid which is added contains an oxygen or 
halogen compound of arsenic, there is immediately evolved, 
along with the hydrogen, the exceedingly poisonous hydrogen 
arsenide, which at once imparts a bluish tint to the previously 
colorless flame of the kindled gas. At the same t^e, white 
fumes of arsenious acid arise, which condense upon cold 
objects. If a porcelain dish is now depressed upon the flame, 
solid hydrogen arsenide condenses upon the dish in black 
stains in a manner similar to antimony (see § 154> 12). The 
stains formed by arsenic, however, incline more to a blackish- 
brown tint, and show a bright luster ; while the antimonial 
stains are dull and of a deep black color. The arsenical 
stains may be distinguished, moreover, from those of anti- 
mony by solution of sodium hypochlorite with sodium chlo- 
ride (compare § 154 12)> which '^1 at once dissolve arsenical 
stains, leaving antimonial stains unaffected, or removing them 
only ^fter a considerable time. The stains may also be recog- 
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nized as those of arsenic by warming them with a few drops 
of concentrated nitric acid. They dissolve to arsenic acid, 
which may then be easily detected with ammonium molyb- 
date (see § 156, 9, Deniges). 

If the tube d is strongly heated at the place indicated in 
the figure, a brilliant arsenical mirror makes its appearance 
in front of or in the narrowed portion of the tube, beyond the 
heated part This mirror is of a darker and less silvery-white 
hue than that produced by antimony under similar circum- 
stances. It is distinguished, moreover, from the latter by the 
facility with which it may be driven forward in a current of 
hydrogen gas without previous fusion, and also by the charac- 
teristic odor of garlic emitted by the escaping (unkindled) gas. 
If the gas is kindled while the mirror in the tube is being 
heated, the flame, even with a very slight current of gas, will 
deposit arsenical stains on a porcelain plate. 

The reactions and properties just described are amply 
suflSioient to enable us to distinguish between arsenical and 
antimonial stains and mirrors; but they will often fail to 
detect arsenic, with positive certainty, in presence of anti- 
mony. In cases of this kind, the following process will serve 
to set at rest all possible doubt as to the presence or absence 
of arsenic : Heat to redness in several places the long tube 
through which the gas to be tested is passing, in order to 
produce metallic mirrors which are as strong as possible; 
then transmit through the tube a very slow stream of dry 
hydrogen sulphide, and heat the metallic mirrors with a 
gas- or simple alcohol-lamp, proceeding in a direction oppo- 
site to that of the current of gas. If arsenic alone is pres- 
ent, yellow arsenious sulphide is formed inside the tube ; if 
antimony alone is present, an orange-red or black antimo- 
nious sulphide is produced ; and if the mirror consisted of 
both metals, the two sulphides appear side by side, the 
arsenious sulphide, as the more volatile, lying invariably be- 
yond the antimonious sulphide. If dry hydrogen chloride 
gas is now transmitted through the tube containing either 
sulphide or both sulphides, without applying heat, no alter- 
ation will take place if arsenious sulphide alone is pres- 
ent, even though the gas be passed through the tube for a 
considerable time. If antimonious sulphide alone is present,, 
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this will entirely disappear, as already stated (see § 154, 
12) ; and if both sulphides are present, the antimonious 
sulphide will immediately volatilize, while the yellow ar- 
seuious sulphide will remain. If a small quantity of ammo- 
nia solution is now drawn into the tube, the arsenious 
sulphide dissolves, and thus may be readily distinguished 
from sulphur which may have separated. Personal expe- 
rience has convinced me of the infallibility of these combined 
tests for the detection of arsenic. The following method of 
distinguishing stains depends upon the same chemical proc- 
esses : The stains are obtained upon a glass plate, they are 
moistened with ammonium sulphide, this is allowed to evapo- 
rate by the aid of heat, then the glass plate is placed, with the 
stains turned downward, upon a beaker containing a little 
fuming hydrochloric acid. If antimony only is present, the 
orange-colored residue disappears, while in presence of ar- 
senic, yellow arsenious sulphide remains behind (J. T. Ander- 
son), 

The reaction of hydrogen containing hydrogen arsenide 
with solution of silver nitrate and of mercuric chloride will be 
found in § 167, 7. 

Masse was the first to suggest the method of detecting 
arsenic by the production of hydrogen arsenide. 

11. If a few drops of stwrmm chloride solution are added 
to about 5 cc of fuming hydrochloric acid, and a few drops of 
a solution of arsenious acid or of an arsenite are added, the 
arsenious acid is reduced, and a brownish-black precipitate 
is obtained (Betiendobf).* The reaction, which takes place 
slowly in the cold, but rapidly by heating, is very delicate, 
and occurs only in the presence of an excess of fuming hydro- 
chloric acid If the hydrochloric acid has a lower specific 
gravity than 1.123, the precipitation is incomplete, or does 
not occur at all. If one has occasion to make frequent tests 
for arsenic by this method, it is convenient to keep on hand 
a solution of stannous chloride in extremely concentrated 
hydrochloric acid (38 per cent). Antimonious acid is not 
reduced under the same conditions. 

* Whetber the precipitate is aisenio or solid hydrogen arsenide requires 
further investigation (Rotokbs). 
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12. If to a solution of arsenious acid or of an arsenite an 
equal or double amount of concentrated hydrochloric acid 
and a little sodivm hypophosphUe are added, and it is heated 
to boiling, a brownish-black precipitate like that mentioned 
in 11 separates, if the quantity of arsenic is not very small. 
With very small amounts of arsenic, only a yellowish-brown 
to brown coloration of the liquid results, even after long 
heating. The addition of a crystal of potassium iodide con- 
siderably heightens the delicacy of the reaction, but this 
cannot be used in the presence of such substances as give 
precipitates with potassium iodide or which separate iodine 
from it (Loor, Thifje). 

13. If arseuites, arsenious acid, or arsenious sulphide are 
iused with a mixture of 3 parts of dry sodium carbonate and 
1 part of potassium cyanide, all the arsenic is reduced, and 
certain bases present at the same time may also be reduced, 
the oxygen converting a part of the potassium cyanide 
into cyanate. In the reduction of arsenious sulphide, potas- 
sium sulphocyanide is formed. While all the arsenic is 
Tolatilized upon the reduction of arsenious acid and arsenious 
sulphide, and is obtained as a mirror if the reduction is 
curried out in an appropriate apparatus, still mirrors are 
obtained from arsenites only when their bases are not 
reduced to arsenides at all, or are reduced to such arsenides 
as lose their arsenic wholly or partly by heating. This 
method of reducing arsenic compounds with potassium 
cyanide deserves special attention on account of its sim- 
plicity, the certainly of its results even in the presence of 
very small amounts of arsenic, and because of the neat- 
ness with which it can be performed. It is excellently 
adapted for the direct production of metalHo arsenic from 
arsenic sulphide, in which respect it undoubtedly excels 
all other methods in simplicity and accuracy. Formerly, 
when glass tubes were free from arsenic, the experi- 
ment could be made with complete safety in a glass tube 
■blown into a small bulb at the lower end, or better, with 
the use of a slow stream of carbonic add, directly in a 
glass tube dra'wn out to a long point. Now, however, 
-since nearly all the glass tubes of commerce contain 
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Erseuic,* the reductdou must take place in sucli a maimer 
that the fusing mixture of potassium cyanide and sodium 
carbonate does not come in contact with the glass. The 
apparatus described by myself and L. v. Babo, therefore, 
requires a slight modification of the form in which it was 
described in previous editions, and is given that shown in 
Fig. 39. 



Fro. 89. 


a 6 is a Eifp’s apparatus charged with pieces of marble 
and pure, dilute hydrochloric acid, for the evolution of ota^ 
bonic acid ;t c is a wash-bottle which contains some pure, coiu 
centrated sulphuric acid for the purpose of drying the car- 



Fro. 40. 

bonic acid ; d is a tube of difilcultly fusible glass, free from 
lead, which is made over the blast-lamp from a piece of 

♦Compare W. Ebbsbhihitjs, " Der Arsengehalt des Glases als eine Fehler- 
quelle bei der Nachweisung von Arsen/' Zeitschr. f. analyt. Cbero., 22, 897. 

t Instead of this, any other carbonic acid generator with which the stream 
of gas may be accmately regnlated by means of a stop-cock will, of course, 
serve the purpose. 
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tubing like that used £or the elementary analysis of organic 
substances. This is shown in Fig. 40, one half natural 
size. The tube must be large enough so that the porcelain 
boat (shown in Fig. 41, natural size) used for the purpose 

of heating the mixture may be 
pushed into it. 

TVhen the apparatus is set up, 
and filled with carbonic acid, the 
completely dry arsenious sulphide 
or other arsenious salt which is to be reduced is triturated 
in a slightly warmed mortar with 12 parts of a completely 
arsenic-free, well-dried mixture (§§ 49 and 57), consisting of 
3 parts of sodium carbonate and 1 part of potassium cyanide. 
The powder is transferred to the porcelain boat and is 
introduced into the reduction-tube in the position shown in 
Fig. 39. The tube is then connected w’ith the wash-bottle, a 
m<-»derate stream of carbonic acid is allowed to escape by 
opening the stop-cock e (Fig. 39), and the mixture is dried in 
the most careful manner by gently warming the boat and also 
the tube throughout its whole length, by means of a flame. 
TThen every particle of deposited water has disappeared from 
the tube, the stream of carbonic acid is moderated so that 
single bubbles go through the sulphuric acid at intervals of 
about one second. The end of the thick part of the tube, 
where it begins to narrow, is now heated to redness by 
means of the lamp /. When this temperature has been 
reached, the boat is heated by the lamp g, at first moderately 
so that the fusing mass does not spatter, afterwards strongly 
and persistently until all the arsenic is driven out. If any of 
the latter should have deposited in the wider part of the 
tube, this is also heated, progressing towards the drawn-out 
end. The whole amount of the reduced arsenic is then found 
as a metallic mirror (Fig. 42) beyond the part of the tube 


Fm. 


heated to redness by the burner /, which is kept in place 
during the whole operation. A small pari of the arsenic 
escapes from the point of the tube, and imparts to the air a 
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garlic-like odor. The point of the tube may be finally closed 
by fusion, and the mirror may be driven together to\rards the 
thicker part by carefully heating the small end of the tube, 
by which means, it assumes an especially fine and pure 
metallic appearance. In this manner, even of a milligram 
of arsenious acid gives a recognizable arsenic mirror.* Anti* 
mony sulphide and other antimony compounds give no 
metallic mirror when treated in this way. 

14 If arsenious oxide or an arsenite is exposed on char- 
coal to the redvemg flame of the blowpipe, the frequently men- 
tioned, highly characteristic odor resembling garlic is emitted, 
more especially if some sodium carbonate is added. This 
odor has its origin in the reduction and reoxidation of the 
arsenic, and enables us to detect very minute quantities. 
This test, however, like all others that are based upon the 
indications of the sense of smell, cannot be implicitly relied 
on. 

15. Concerning the detection of arsenic in the micro- 
chemical way, see Haushopee, p. 15; Behbens, Zeitschr. f. 
analyt. Ohem., 30 , 164; Emioh, ibid., 32 , 167. 


§156. 

e. Absenic Compounds. {Arsenic Add, As,Ob,) 

1. Aesenio Acm free from water (arsenic anhydride) forms 
a colorless or white, glassy, fusible mass, which dissolves 
slowly in cold water, more rapidly in hot water, and decom- 
poses into oxygen and arsenious acid at a strong red beat. 
Aesenio hxdeoxide (orthoarsenio acid) containing water of 
crystallization, 2 H,AsO*.HbO, is deposited from the solutions 
at a low temperature, in the form of perfectly colorless and 
transparent, prismatic crystals, which deliquesce in moist air 
and lose their water at 100®. At 180®, pteoaesenio acid, 
H,AsA»‘i9 obtained; at 206®, metabsenio aged, HAsO,, is 
formed ; and at a temperature near redness, the anhydride 

•Compare W. PBEEDBunus. *‘Ueber die richtige AusfOhning und der 
Bmpflndlichkeit der FnESKNius-BABO’schen Methode zur Nachweisang dee 
Arsens Zeitsebr. f. analyt Ghem., 20, 581. 
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is left. All the acids dissolve in water to orthoarsenic acid. 
Arsenic acid acts as a poison. 

2. The arsenates correspond in composition to the acids, 
and it is therefore customary to distinguish orthoarsenates, 
pyroarsenates, and metarsenates, The orthoarsenates, cor- 
responding to the orthophosphates, are (according to the old 
nomenclature) either basic, neutral, or acid salts, respectively, 
as they contain 3 equivalents of the base and no hydroxyl, 
2 equivalents of the base and 1 equivalent of hydroxyl, or 
1 equivalent of the base and 2 equivalents of hydroxyl. The 
salts of the alkali metals and the acid salts of the alkali- 
earth metals are soluble in water, while almost all the other 
arsenates dissolve in hydrochloric or nitric acid. The anhy- 
drous arsenates of fixed bases are not decomposed by heat. 

A solution of arsenic acid or of an arsenate in hydro, 
chloric acid may be boiled for a long time without losing 
arsenious chloride by volatilization, if it does not contain too 
much hydrochloric acid. It is only when the residue con- 
sists of about equal parts of hydrochloric acid of 1.12 sp. gr. 
and water that traces of arsenious chloride escape with the 
hydrochloric acid. If, on the other hand, arsenic acid is 
heated with concentrated hydrochloric acid, some arsenious 
chloride and chlorine escape. If arsenic acid is distilled re- 
peatedly with concentrated hydrochloric acid and ferrous 
chloride, all the arsenic is volatilized as arsenious chloride 
and obtained in the distillate. 

3. Hydrogen stdphide fails to precipitate alkaline and neu- 
tral solutions, and in moderately acid solutions, it occasions 
no precipitate at first in the cold. Upon long standing, a 
partial reduction of arsenic acid to arsenious acid takes 
place, accompanied by the separation of colloidal arsenic 
sulphide, As^S, , and sulphur ; then there is a precipitation of 
yellow ABSBNio SULPHIDE and absbnious sulphide. This proc- 
ess continues until all the arsenic is finally precipitated 
(Bbaunee and Tomicoek, Thiele). From solutions which con- 
tain at least 2 parts of concentrated hydrochloric acid of 
1.2 sp. gr. to 1 part of water, hydrogen sulphide precipitates 
ABSBOTO SULPHIDE very quickly (Fk. Neheb.) 

If hydrogen sulphide is conducted into a moderately acid 
solution of arsenic acid, which is warmed to about 70^, absehio 
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suiPHiDE, ASjS, , is also obtained if hydrogen sulphide is 
largely in excess (Bunsenj, but otherwise the precipitate con- 
sists of a nxixture of arsenic sulphide, arsenious sulphide, and 
sulphur. If sulphurous acid, or sodium sulphite with hydro- 
chloric acid, is added to a solution of free arsenic acid or of 
an arsenate, the sulphurous acid reacts with the arsenic 
acid (most quickly by heating), and arsenious acid and sul- 
phuric acid are formed. If hy^ogen sulphide is now added, 
the whole of the arsenic is immediately precipitated as 

ABSENIOUS SULPHIDE. 

4. In neutral and alkaline solutions, ammonium eidphide 
changes arsenic acid into arsenic sulphide, which remains in 
solution as ammonium sulpharseuate. This compound is 
decomposed by the addition of an acid, and arsenic sulphide 
separates. The separation takes place more quickly than that 
by hydrogen sulphide from cold, moderately acid solutions. 
It is facilitated by warming. The precipitate is not a mixture 
of arsenious sulphide and sulphur, but is absekio sulphide. 

6. In solutions of arsenic acid and of alkali-metal arsenates, 
sUver nitrate produces a very characteristic, reddish-brown 
precipitate of siLVEB absenate, Ag,AsO, , which is readily sol- 
uble in dilute nitric acid and in ammonia, and dissolves also 
slightly in ammonium nitrate. Accordingly, if the precipitate 
is dissolved in some nitric acid, and a layer of dilute ammonia 
is brought above the solution, a precipitate is produced at the 
surface of contact of the two liquids and forms a ring. The 
addition of some sodium acetate increases the delicacy of 
the reaction. If, however, but little of the precipitate is dis- 
solved in very much nitric acid, the precipitate often does not 
form n gniii upon neutralizing with ammonia, on account of 
the solvent action of ammonium nitrate. The ammonmoal 
solution of silver arsenate does not deposit silver upon boiling 
(difference between arsenic and arsenious acids). 

6. OvpriG mSiphate does not produce a precipitate in aque- 
ous solutions of arsenic acid. tTpon the addition of an alkali, 
a bluish-green precipitate of ooppeb absesate is formed. Upon 
the addition of more potassium or sodium hydroxide, the color 
changes to a beautiful, light blue, while the precipitate does 
not dissolve. Upon boiling, no cuprous oxide is formed (dif- 
ference between arsenic and arsenious acids). 
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7. If a dilute solution of arsenic acid mixed with some 
hydrochloric acid is heated with a clean strip of copper^ the 
metal remains perfectly bright (Webthee, Eeinsch) ; but if 
to 1 volume of the solution 2 volumes of concentrated 
hydrochloric acid are added, a gray film is deposited on the 
copper, as in the case of arsenious acid. Under these cir- 
cumstances, the reaction is just as delicate as with arsenious 
acid (Eeiesch). 

8. If a solution of arsenic acid, or of an arsenate soluble in 
water, is added to a clear mixture of magnesium stdphate, am- 
monium oULoride^ and not too little ammonia^ a crystalline pre- 
cipitate of AMMONIUM magnesium ARSENATE, NH^MgAsO^.Gi^O, 
separates — ^from concentrated solutions immediately, from 
dilute solutions after some time. If a small portion of the 
precipitate is dissolved on a watch-glass in a drop of nitric 
acid, a little silver nitrate added, and the solution touched 
with a glass rod dipped in ammonia, brownish-red silver 
arsenate is formed. Or, if a small portion of the precipitate 
is dissolved in hydrochloric acid, and hydrogen sulphide is 
passed into the solution with warming, a yellow precipitate 
is formed. (Differences between ammonium magnesium 
arsenate and phosphate.) 

9. If a small amount of a solution of arsenic acid or of an 
arsenate is added to a few cubic centimeters of the solution 
of ammonium molybdate in nitric acid, no precipitate is formed 
in the cold, even after long standing. Upon heating, how- 
ever, a bright yellow precipitate of ammonium arseno-moltb- 
DATE separates, which under the microscope is shown to 
consist of needles grouped in star-shaped forms. The precip- 
itate is soluble in ammonia. In the colorless solution thus 
obtained, the magnesia mixture mentioned in 8 produces the 
reaction there described. 

10. Arsenic compounds deport themselves in the same way 
as those of arsenious acid, with stamms cJiloride, with sodium 
hypophosphife and hydrochloric axM^ with ainc in the presence 
of sulphuric acid, with potassium cyanide^ and before the Uouh 
pipe. If the reduction of arsenic acid is effected by means of 
zinc in a platinum dish, the platinum is not colored black 
(difference from antimony). 

11. In relation to the detection of arsenic in the micro- 
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chemical way, see Haushofee, p. 16 ; Bbhbens, Zeitsohr. £. 
analyt. Ohem., 30, 164. 


§157. 

arid jBewiarA®.— Various methods may be 
used for the detection of the metals of the second division of 
the sixth group, in mixtures or solutions containing all or 
several of them, and it is not possible to decide at once 
which process is the best. On the contraiy, sometimes one 
method and sometimes another deserves preference, accord- 
ing to the relative amounts of the metals present, and 
whether it is a question of the greatest possible convenience 
or of rapidly attaining the end without demanding the high- 
est degree of exactness. 

The different ways of effecting the detection or separa-* 
tion of tin, antimony, and arsenic, when present together, will 
be described first, and afterwards the means of distinguish, 
ing between the several oxides and acids of the three metals, 
and also the methods of separating gold and platinum from 
tin, antimony, and arsenic. 

1, If a dry mixture of sulphides of tin, antimony, and 
arsenic is to be examined, triturate 1 part of it with 1 part of 
dry sodium carbonate and 1 part of sodium nitrate, and trans- 
fer the mixed powder gradually to a small porcelain crucible 
containing 2 parts of sodium nitrate kept in a state of fusion 
at a not too strong heat. Oxidization of the sulphides en- 
sues, attended with slight deflagration. The fused mass con- 
tains stannic oxide, sodium arsenate and antimonate, with 
sodium sulphate, carbonate, nitrate, and nitrite. Care must 
be taken not to raise the heat to such a degree, nor continue 
the fusion so long, as to lead to decomposition of the sodium 
nitrite, producing caustic soda, for this will cause the forma- 
tion of sodium stannate soluble in water. Upon treating the 
mass with a little cold water, stannic oxide and acid sodium 
pyroantimonate remain undissolved, while sodium arsenate 
and the other salts are dissolved. If the filtrate is acidified 
with nitric acid, and heat is applied to remove carbonic and 
nitrous acids, the arsenic acid may be detected and sepsr- 
Tated, either with silver nitrate, according to § 166, 5, or with 
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a miztare of magDesium sulpliate, ammonium chloride, and 
ammonia, according to § 166, 8, or as ammonium arseuo- 
molybdate, as described in § 156, 9. 

If the undissolved residue, consisting of stannic oxide and 
acid sodium pyroantimonate, after being washed once with 
cold water and three times with dilute alcohol, is digested 
with a little hydrochloric acid at a gentle heat in the hollow 
of a platinum crucible cover, the mass is either completely 
dissolved or, if the tin is present in a large proportion, a 
white residue is left undissolved. If, disregarding the latter, 
a fragment of zinc is now added, the compounds are re- 
duced to the metallic state, and the antimony will at once 
reveal its presence by blackening the platinum. After the 
evolution of hj’drogen has nearly stopped, if the remainder of 
the zinc is taken away, the zinc chloride solution is removed 
by cai'eful decantation, and the contents of the cover are 
heated with some hydrochloric acid, the tin dissolves to stan- 
nous chloride, while the antimony, if present in considerable 
quantity, is left undissolved, partly in the form of black 
flakes. The tin may then be detected in the solution with 
mercuric chloride or with a mixture of ferric chloride and 
potassium ferricyanide, and the antimony, after solution in a 
little tartaric and nitric acids, may be tested with hydrogen 
sulphide. If the antimony has not been found with certainty 
by the foregoing reactions, a part of the hydrochloric acid 
solution obtained by treating the metals is evaporated to a 
small volume, a drop of hydrochloric acid is added, and a 
test is made with tin upon the platinum cover (see § 154, 9). 
As this method of detecting arsenic, tin, and antimony, in pres- 
ence of each other, is adopted in the systematic course of 
analysis, the principle upon which it is based is here simply 
explained, and the details of the process will be found in the 
second part. 

2. If the mixed sulphides, after being freed from the 
greater part of the adhering water by laying the Alter con- 
taining them on blotting-paper, are treated with fuming 
hydrochloric acid, with application of a gentle heat, the 
sulphides of antimony and tin dissolve, while the sulphide- 
of arsenic is left undissolved. The warming is continued until 
the hydrogen sulphide has escaped, then some water i& 
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added, and tlie liquid filtered. If the sulphide of arsenic 
is treated (together with the filter, if very little is present/ 
with concentrated nitric acid with the aid of heat, the result- 
ing arsenic acid in the solution may be easily detected by 
means of ammonium molybdate (see § 156, 9). If the sulphide 
of arsenic is treated with ammonia, and the solution is eyapo^ 
rated to dryness, with the addition of a little piece of sodium 
carbonate, an arsenic mirror is readily obtained from the 
residue by treatment with potassium cyanide and sodium 
carbonate, in a stream of carbonic acid (see § 155, 13). The 
hydrochloric acid solution containing the tin and antimony 
is warmed for a short time with a bright rod of iron wire, and 
allowed to stand for ten or fifteen minutes. The antimony 
is thereby precipitated in the form of black fiakes, while the 
stannic chloride is reduced to stannous chloride. A filtra- 
tion is then made, and the filtrate is tested for tin, with mer- 
curic chloride. The precipitated antimony may be further 
tested by dissolving it, after complete washing, in nitric acid 
containing a small amount of tartaric acid, and adding 
hydrogen sulphide water to the solution. 

3. If the mixed sulphides are digested at a gentle heat with 
some solid, ordinary ammonium carbonate and water, arsenious 
sulphide dissolves, while the antimony and tin sulphides 
remain undissolved. But this separation is not quite abso- 
lute, as traces of antimony and tin sulphides are apt to pass 
into the solution, while some arsenious sulphide remains in 
the residue. The arsenious sulphide precipitating from the 
alkaline solution, upon acidifying the latter with hydro- 
chloric acid, must, therefore (especially if consisting only of a 
few flakes), after washing, be treated with ammonia, the solu- 
tion evaporated, with addition of a small quantity of sodium 
carbonate, and the residue fused with potassium cyanide in a 
stream of carbon dioxide, to make sure of the presence 
of arsenic by the production of an arsenical mirror. The 
residue, insoluble in ammonium carbonate, should be treated 
as directed in 3. 

4. In the analysis of metallic alloys, staimio oxide and 
' oxides of antimony and arsenic are often obtained together 

as a residue insoluble in nitric acid. It is best to fuse these 
with sodium hydroxide in a silver crucible, then soften the 
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mass with water, add one third of the yolnme of alcohol, 
filter off tlie acid sodium pyroantimonate remaining nn- 
dissolved, and wash it with weak alcohol to which a few 
drops of a solution of sodium carbonate have been added. 
In the presence of much tin, it is advisable to treat the 
residue again in the same way, in order to extract all the tin. 
The filtrate is acidified with hydrochloric acid, then tin md 
arsenic are precipitated as sulphides in the heated solution, 
and these are most conveniently separated according to 2. 

6. If very small amounts of arsenic are to be detected in 
the presence of much tin and antimony, it is advisable to 
distil the solution which contains the chlorides of the metals 
with not too small an amount of fuming hydrochloric acid and 
ferrous chloride or sulphate* (using a cooled receiver con- 
taining a little water J, until about one fourth of the liquid has 
gone over, and to test the distillate with hydrogen sulphide 
(E- Fischeb, P. Hufschmidt, A. Classen). This method is 
less well adapted for detecting tin and antimony at the 
same time, because the distillation must then be continued 
and repeated until all the arsenic has been driven off, in 
which case, small quantities of antimony and tin may readily 
go over into the distillate ; also, because the tin and antimony 
sulphides, precipitated with hydrogen sulphide from tho 
residue from the distillation, are obtained mixed with much 
sulphur. A solution adapted for distillation is obtained from 
the sulphides of the metals by warming them with hydro- 
chloric acid, with the addition of some potassium chlorate, or, 
still more conveniently, by suspending them in water and 
adding sodium peroxide (Th. Poubck). 

6. Arsenic and antimony may be easily separated also by 
adding to 1 part of the solution 2 parts, or even a larger 
quantity, of hydrochloric acid of 1.2 sp. gr., and passing 
in hydrogen sulphide. The arsenic then separates as arseni- 
ous or arsenic sulphide, according to circumstances, while 
the antimony remains dissolved, and, after diluting with 
water, may be precipitated from the solution with hydro- 
gen sulphide (0. Koisleb, Nehee). Antimony may be 


* Before these reagents can be used for the detection of minute amounts 
of arsenic, tb^ should be put to test by the distillation method, to nscertaio. 
whether they are entirely fiee from arsenic. 
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separated from tin in a similar manner by diluting the 
liquid containing the tin as a stannic compound, with con- 
centrated hydrochloric acid of 1.18 sp. gr., so that 1 part of 
this acid is present to 1 part * of water ; because hydrogen 
sulphide precipitates from such a solution the antimony* 
only, and not the tin (Loviton). These two methods may be 
utilized for the separation of the three metals (Nkher). 

7. It should be noted here that arsenic and antimony 
may be separated and distinguished by treating the mirror 
produced by Mabsh’s process, with hydrogen sulphide, and 
separating the resulting sulphides by means of hydrocliloric 
acid gas (see § 156, 10) ; but when antimony and arsenic are 
mixed as hydrogen compounds, they may also be separated by 
the following methods : a. First conduct the gases, mixed 
with an excess of hydrogen, through a tube containing glass 
splinters moistened with a dilute solution of lead acetate, to 
retain the hydrochloric acid and hydrogen sulphide gases, then 
in a slow stream into a solution of silver nitrate. Almost 
all the antimony in the gas falls down as black silver anti- 
monide, Ag,Sb, while the arsenic passes into the solution as 
arsenious acid, with reduction of the silver, and may be de- 
tected in the fluid as silver arsenite, by cautious addition of 
ammonia, or, after precipitating the excess of silver by 
hydrochloric acid, by means of hydrogen sulphide. Since, 
however, a little antimony always passes into the solution, the 
precipitate by hydrogen sulphide must not be considered as 
arsenious sulphide without further examination. The test 
may be made according to § 167, 2. In the precipitated 
silver antimonide, which is often mixed with much sil- 
ver, the antimony may be most readily detected by heat- 
ing the precipitate — thoroughly freed from arsenious acid 
and silver nitrate by boiling with water — with tartaric 
acid and water to boiling. This will dissolve the anti- 
mony alone, which may then be readily detected by means 
of hydrogen sulphide, in the solution acidified with hydro- 
chloric acid (Lassaignb, A, W. Hopmaijn). h. Conduct the 
gases, mixed with an excess of hydrogen, through a rather 
wide glass tube, 10 cm at least of which are filled with 
caustic potash in small pieces. The potash decomposes 
the hydrogen antimonide entirely, becoming coated with a 
* TrTr H. A- Harper of Chicago advises using 2 parts of water. — H. L. W. 
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lustrous film of metal. The hydrogen arsenide is, on the 
contrary, scarcely at all decomposed, and may be detected 
readily on its exit from the tube by the production of stains 
or rings (see § 155, 10), or by its action on solution of silver 
nitrate (Dbagendobff). c. The stream of gas, very slowly 
evolved, is conducted through a mixture of 2 co of silver 
solution (1 part silver nitrate and 24 parts water), 2 cc concen- 
trated nitric acid, and 8 to 10 cc of water. When the black 
precipitate produced in the solution settles, the action may 
be considered as finished. Bromine-water in excess is now 
put into the flask containing the liquid and precipitate, or it 
is treated with hydrochloric acid with the addition of enough 
potassium chlorate so that chlorine is in excess. After some 
time, it is filtered, then tartaric acid, ammonium chloride, and 
ammonia are added in excess, and the arsenic, now present as 
arsenic acid, is precipitated as ammonium magnesium arse- 
nate (see § 156, 8). After long standing, this is filtered off, 
the filtrate is acidified with hydrochloric acid, and the anti- 
mony is precipitated with hydrogen sulphide (E. Eeiohabdt). 
(If the liquid brought into contact with zinc in the presence 
of dilute sulphuric acid in the methods a, 5, and o, also con- 
tained tin, the latter separates in the metallic state upon 
prolonged action of the zinc. If, therefore, the zinc solu- 
tion is poured off, the residue is heated with hydrochloric 
acid, this is filtered, and mercuric chloride solution is added, 
the resulting precipitate of mercurous chloride shows the 
presence of tin), d. If a solution containing arsenious acid 
(but not arsenic acid) is brought into an apparatus evolving 
hydrogen from an alkaline solution (e.gr., one which contains 
potassium hydroxide, and arsenic-free aluminium foil or 
wire), and the gas is conducted through silver nitrate solution, 
any blackening taking place is decisive for arsenic alone, for 
under these conditions, hydrogen antimonide cannot form, 
e. If hydrogen arsenide or antimonide is allowed to act upon 
pure filter-paper which is moistened with a solution of silver 
nitrate, the moistened parts of the paper are colored. If, 
according to Gutzeep, a solution is used which contains 1 
part of silver nitrate to 1 part of water, a lemon-yellow stain 
is j^roduced by hydrogen arsenide, which becomes black by 
being touched with water, while hydrogen antimonide colors 
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the periphery of the place touched with the silver solution, 
dark brownish-red to black. The inner part shows no color, 
or only a slight, gray coloration. Paper moistened with more 
dilute silver solution (e.gr., in the proportion 1 : 4) is blackened 
by both gases. These reactions, concerning which it must be 
remembered that hydrogen sulphide and phosphide give 
similar colorations, have undergone various criticisms and 
modifications since they were introduced into the German 
pharmacopoeia. Pitsebt recommends the use of an ammoni- 
acal silver solution. A paper moistened with this becomes 
dull brown to black from the most minute amount of hydrogen 
arsenide. The reaction is not influenced by aqueous or acid 
vapors nor by the action of the paper, but it is interfered with 
by the presence of hydrogen sulphide and phosphide, as well 
as by that of hydrogen antimonide, the latter also giving brown 
to black stains. A complete summary and critical testing of 
the methods referred to have been given by H. Beckubts.* It 
must suffice to mention this here. /. If pure filter-paper is 
spotted with a drop of a saturated alcoholic solution of mer- 
curie chloride, this is allowed to dry superficially, the 
operation is repeated four or five times, and hydrogen 
arsenide is allowed to act upon paper thus prepared, a stain, 
at first light yellow, but becoming orange-colored upon longer 
action, is produced. Hydrogen antimonide produces no stain 
when acting in very small quantity, but it gives a brown to 
grayish-black color when the amount is larger. If the stain 
is occasioned by both hydrogen compounds, that formed 
by hydrogen arsenide may be detected, if not too much 
hydrogen antimonide has acted, by moistening the stain, after 
cutting it out, with 80 per cent alcohol in a watch-glass. The 
coloration produced by hydrogen antimonide disappears after 
standing for a while, and allows the yellow color produced by 
hydrogen arsenide to be recognized (Fluckiger, LohmannV 
8. If saturated hydrogen sulphide water is added to a 
solution acidified with hydrochloric acid which contains 
arsenic and antimonic acids, and after a few minutes, a stream 
of air is passed through the liquid in order to remove the ex- 
cess of hydrogen sulphide, the precipitate contains all the 


♦Pharmac Cf*ntrsllialle, 1884, No. 17. 
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SkntiiQODy as antimonic sulpliide, but no arsenic. Tlie latter 
can then be precipitated from the filtrate, when warmed to 70°, 
by passing in hydrogen sulphide (Bunsen). 

9. The attention of chemists who are expert in flame- 
reactions should also be called to the method of Bunsen/®’ which 
is designed to detect all three metals in the precipitate of their 
sulphides, by means of flame-reactions and blowpipe tests. 
Beference only will be here made to the methods, partly micro- 
scopic, of H. Hager, t which are chiefly intended for the 
rapid detection of arsenic in pharmaceutical preparations :|: 

10. Stannous and stannic compounds may be detected in 
presence of each other, by testing one portion of the solution 
for the first, with mercuric chloride, auric chloride, or a mix- 
ture of potassium ferricyanide and ferric chloride, and another 
portion for stannic compounds, by pouring it into a concen- 
trated, hot solution of sodium sulphate. For the last test, the 
solution must not contain much free acid. 

11. Antimonious oxide in presence of antimonic add may be 
identified by the reaction described in § 154, 11. Antimonic acid 
in presence of antimonious oxide is detected by heating the oxide 
(which must be free from other bodies) with hydrochloric acid 
and potassium iodide (see § 154, 2 and 3), or by adding to the 
solution, mixed with concentrated sulphuric acid, after cool- 
ing, a drop of a solution of diphenylamine in concentrated 
sulphuric acid, whereby, in presence of antimonic acid, a 
deep blue coloration of the liquid results. This reaction, 
however, is only conclusive for antimonic acid when other sub- 
stances giving the same coloration with diphenylamine, such 
as nitric acid, chromic acid, etc., are not present. 

12. Arsenious add and arsenic add in the same solution 
may be distinguished by means of silver nitrate. If the pre- 
cipitate contains little arsenate and much arsenite of silver, it 


♦Zeitsclir f. analyt. Chem., 6, 878. 
tPharmac. Centralballe, 1884, p. 365 and p 377. 

t In relation to otber methods proposed for the separation of antimony, tin, 
and arsenic, see F W. Clarke, Zeitschr, f. analyt. Chem., 9, 487; Bebslund, 
ibid., 23, 587, and 24, 221; Lesser, i&sd., 27, 318; J. Clark, Chem. Centralbl. 
1892, I, 965. See also, for the separation of antimony and tin, Lttokow, 
Zeitschr. f, analyt. Chem., 26, 18; Carrot, ibid., 27, 651; Warren, Chem. 
Centralbl., 1888, p. 645. 
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is necessary, in order to identify the former, to add cautiously, 
drop by drop, most highly dilute nitric acid, which dis- 
solves the yellow silver arsenite first. A still safer way to 
detect small quantities of arsenic acid in presence of arsenious 
acid is to precipitate the former with a mixture of magnesium 
sulphate, ammonium chloride, and ammonia (§ 156, 8), by 
which means an actual separation of the two acids is effected 
Arsenious acid may be recognized in presence of arsenic acid 
by the immediate precipitation by hydrogen sulphide of the 
moderately acidified solution in the cold, which is not the case 
with arsenic acid ; also, by the fact that arsenious acid alone 
evolves hydrogen arsenide when brought into solution of 
sodium hydroxide which is acting upon aluminium. Arsenious 
add is also readily detected by its redaction of cupric oxide 
in alkaline solution, and by the separation of metallic silver, 
by boiling the ammoniacal solution of the silver salts. To 
ascertain the degree of sulphuration of arsenic in a sulphur 
salt, boil the alkaline solution of the salt under examination 
(after the extraction with carbon disulphide of any sulphur 
that may be present) with bismuth hydroxide, filter off the 
bismuth sulphide formed, and test the filtrate for arsenious 
and arsenic adds. . To distinguish between the arsenious and 
arsenic sulphides, first completely extract the sulphur which 
may be present, by means of carbon disulphide, then dissolve 
the residue in ammoida, add immediately silver nitrate in 
excess, filter off the silver sulphide, and observe whether 
arsenite or arsenate of silver is formed upon addition of 
ammonia. It should be observed that a portion of the arsenic 
is to be found with the bismuth sulphide and silver sulphide 
in the two tests last mentioned (Waitz). 

13. Gold and piatinuh may be separated from tin, 
ANTiKONV, and ABSEiNici, by boiling their solutions in an excess 
of sodium hydroxide with chloral hydrate. The resulting 
precipitate contains all the gold and platinum free from 
the other metals. 
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Special Beactions of the Barer Metals of the Sicsth Grovp, 

§158. 

1. GERMANiint, Ge. {Germanic Oxide, GeO,.) 

Up to the present time, germanium has been found only in arg3Toditey 
euxinite, and canfieldite, and in very small quantity. It forms two oxides; 
germaniouB oxide, GeO, and germanic oxide. The metal is obtained as a 
powder by igniting the oxides in hydrogen, and this may be fused under 
borax to a grayish-white regulus with a metallic luster. This has a 
specific gravity of 6.469, is easily pulverized, and is permanent in the air 
Germanium volatilizes at a bright red heat, yielding a sublimate consist* 
ing of small crystals. It is insoluble in hydrochloric acid, and it is con-, 
verted by nitric acid into white germanic oxide, and by concentrated sul-. 
phurio acid, upon heating, into a white sulphate soluble in water. Aqua 
regia dissolves the metal readily to chloride ; concentrated potassium 
hydroxide solution does not attack it, but it gives potassium germanic 
oxide upon fusion with potassium hydroxide, the action being accom- 
panied by deflagration. Germanic oxide is formed by burning the metal 
in oxygen, by roasting germanic sulphide, by treating the metal with 
nitric acid, and by decomposing the chloride with water, etc. It is a white, 
dense powder, difficultly soluble in water, which may be heated to bnght 
redness without undergoing any change, and dissolves but slightly in 
acids. The alkali-metal hydroxides and carbonates dissolve it when 
they are fused with it, and convert it into compounds that are soluble in 
water. Germanic chloride, GreCli , obtained by igniting the metal or the 
sulphide in a stream of chlonne, forms a mobile, colorless liquid, boiling 
at 80®, which is volatile even at ordinary temperatures, and is de- 
composed by water, with formation of the oxide, which partially sepa- 
rates. If the aqueous solution of the chloride is acidified vrith hydrochloric 
acid, and evaporated to dryness upon the water-bath, the chloride vola- 
tilizes completely. 

From acid solutions containing germanic salts, hydrogen sulphide 
precipitates germanic sulphide, GeSa, in the form of a white, voluminous 
precipitate. This is somewhat soluble in water, even in hydrogen sul- 
phide water. In order to obtain it pure, therefore, it should first be 
washed with hydrochloric or sulphuric acid saturated with hydrogen 
sulphide, then with alcohol saturated vrith the same gas, and finally vrith 
ether. After drying, it forms a soft, white powder. If it is heated in a 
stream of carbonic acid, an odor is produced resembling very dilute 
acrolein, and the sulphide shrinks greatly and assumes a yeUovrish or 
grayish-yellow color. It volatilizes upon being heated to a bright red 
heat. Germanic sulphide dissolves readily in ammonium sulphide^ and 
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a sufficient excess of acid precipitates it unchanged and white in color 
from the solution (characteristic reaction). Germanic sulphide is also 
readily dissolved by potassium hydroxide and by ammonia. Aqua 
regia dissolves it, with separation of sulphur. Nitnc acid changes 
it into oxide containing sulphuric acid and mixed with sulphur. If 
germanic sulphide is heated in a stream of hydrogen, germanious sul« 
phide, GeS, is produced at first, with the formation of hydrogen 
sulphide. Upon further heating, this is partly reduced to germanium. 
From solutions of germanium salts, zinc separates the metal slowly in the 
form of a dark brown slime. Before the 'blowpipe^ when heated without 
an alkaline fiux in the reducing fiame, germanic oxide gives the fused 
metal, with the formation at the same time of a white coatmg of the oxide. 
Borax and salt of phosphorus dissolve the oxide abundantly, both in the 
oxidizing and the reducing flames, giving colorless glasses which are not 
changed even by heating with tin. Non-lumimus flames are not colored 
by germanium compounds, and consequently they cannot be detected by 
means of the spectroscope. The detection of the small amount of germa- 
nium in argyrodite may be effected by heating the mineral in an atmos- 
phere of hydrogen sulphide or illuminatmg-gas. A sublimate is thus 
obtained, similar to antimony sulphide, which shows very characteristic 
forms under the microscope, and which may be subjected to further tests 
in the wet way (Haushobtgr*). 


§159. 

2. lEmiUM, Ir. {Iridio Oxide, IrO,.) 

Xnminu occurs in combination with platinum and other metals in 
the platinum ores, but more especially as osmiridium. Alloyed with 
platinum, it has of late been employed for crucibles, etc. Iridium resem- 
bles platinum, but it is brittle, fuses with extreme difficulty, and its 
specific gravity is 22.4. In the compact state, or reduced at a r^ heat by 
hydrogen, it dissolves in no acid, not even in aqua regia (difference from 
gold and platinum). Reduced in the moist way, e.g., by formic acid, ob 
largely alloyed with platinum, it dissolves in aqua regia to tetrachloride, 
IrOh. In a state of fusion, potassium disulphate oxidizes, but does not 
dissolve it (difference from rhodium). It oxidizes by fusion with sodium 
hydroxide with access of air, or by fusion with sodium nitrate. The 
compound of iridious oxide, ItsOs, with soda which is formed in this 
process, dissolves partially in water ; and by heating with aqua r^ia, it 
gives a deep black-red solution of iridic chloride, IrCU, and sodium 
chloride. 

If iridium powder is mixed with sodium chloride, the mixture heated 


*Sitzungsber. der MUnchener Akademie, 1887, p. 188; Chem. Oentralbl.., 
1888, p. 867. 
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to incipient redness, and treated with chlorine gas^ sodium iridic chloride 
is formed, which dissolves in water to a deep red-brown fluid. Fotassium 
hydroxide, added in excess, colors the solutions greenish, a little brownish- 
black potassium iridic chloride precipitating at the same time. If the solu- 
tion is heated, and exposed some time to the air, it acquires at first a red- 
dish tint, then becomes violet, and with absorption of oxygen, it changes 
afterwards to blue (Claus, characteristic difference from platinum). If the 
solution is now evaporated to dryness, and the residue treated with water, 
a colorless fluid is obtained, while a blue deposit of indie oxide, IrOa , is 
left undissolved. If the solution of indie chlonde is heated with sulphuric 
acid until vapors of sulphunc acid escape, and the residue is treated with 
water at the boiling temperature, a clear solution of a green or sometimes 
blue or violet color is usually obtained. If this is neutralized with potas- 
sium hydroxide and boiled from fifteen to thirty minutes, finally with the 
addition of an excess of potassium hydroxide, an oxide separates, which 
dissolves in dilute sulphuric acid with a bright violet color. If solid 
ammonium nitrate is added in small portions to the iridium salt heated 
with sulphuric acid, as mentioned above, as soon as the vapors of sul- 
phuric acid have stopped coming off, after removing the dish from 
the source of heat, a blue or sometimes an emerald-green mass is 
obtained, which, if the operation is interrupted before all the ammo- 
nium nitrate has been decomposed, dissolves in water to a blue liquid. 
The presence of foreign metals naturally interferes with the delicacy of 
the reaction. If iridic chloride is heated directly with ammonium nitrate 
and ammomum chlonde, added at intervals, a rose-red mass, instead of a 
blue one, is obtained, from which a rose-red powder separates upon treat- 
ment with very little water (Lecoq de Boisbaudran). Hydrogen sulphide 
at first colors solutions of iridic chloride olive-green, and iridious chloride, 
IraCls , is formed, with separation of sulphur ; afterwards, brown iridious 
sulphide, Irs Ss , is precipitated. Ammonium sulphide produces the same 
precipitate, which redissolves readily in an excess of the precipitant. 
Fotassium chloride precipitates potassium iridic chloride as a blackish-red 
crystalline powder, insoluble in a concentrated solution of potassium 
chloride. Ammonium chloride precipitates from concentrated solutions, 
ammonium iridic chloride in the form of a dark red powder, consisting of 
microscopic octahedrons, insoluble in concentrated solution of ammonium 
chloride. This double salt, and also the corresponding potassium com- 
pound, especially when in hot solution, are turned potaesium 

nitrite, owing to the formation of potassium or ammonium iridious 
chloride ; 2KsIrCls -I- 2KNO* =s 6K01.Irs01e + 2NO#. This double salt 
crystallizes out on cooling. On heating or evaporating the green solution 
with an excess of potassium nitrite, it turns yellow, and when boiled 
deposits a white precipitate, which is hardly soluble in water and hydro- 
chloric add (essential difference and basis of a method of separation 
from platinum, Gums). If the iridic ammonium chloride is dissolved in 
water by boiling, and oxalic acid is added, a reduction to the iridious salt 
takes place, juid on this account, the solution lemaina dear on cooling 
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(difference from platinnm, 0. Lea). If stannous chloride is added to 
iridic chloride and the solution is boiled, then an excess of potassium 
hydroxide is added and the mixture is boiled again, a leather-colored 
precipitate is formed. Ferrous sulphate^ oxalic add^ and sulphurous add 
do not precipitate iridium (means of separating iridium from gold) ; but 
separates black indium. If indie oxide is suspended in a solution of 
potassium sulphite^ and this is saturated with sulphurous acid and boiled, 
with renewal of the evaporating water, till all the free sulphurous acid is 
expelled, the whole of the iridium is converted into insoluble iridic sul- 
phite (any platinum which may be present will remain dissolved as plati- 
nous potassium sulphite, C. Biunbauh). Ignited with sodium carhonaie 
in the upper oxidizing flame, compounds of iridium yield the metal, which 
when triturated is gray, devoid of luster, and without ductility. Concern- 
ing the microscopic detection of iridium, see Behrens, Zeitschr. f. analyt. 
Chem., 30, 154. 


§160. 

3. Moltbdenum, Mo. {Oxides of Molyldenum.) 

Molybdenum is not largely disseminated in nature, and is found only 
in moderate quantities, more especially as molybdenum sulphide and as 
lead molybdate (yellow lead ore). From the use of ammonium molybdate 
as a means of detecting and determining phosphoric acid, molybdenum 
has acquired considerable importance in practical chemistry. Molybde- 
num is tin-white and hard; when heated in the air, it oxidizes; and it is easily 
soluble in nitric acid and in aqua regia, as well as in concentrated sulphuric 
acid. It fuses with extreme diflBculty. The monoxide, MoO, and the sesqui- 
oxiDE, MoaOa , are black ; while the dioxide, MoOa , is dark brown or dark 
violet. When heated in the air or treated with nitric acid, all of these are 
converted into moltbdic acid, MoO*. This is a white, porous mass, 
which separates into fine scales in water, and dissolves to a slight extent. 
It fuses at a red heat; in close vessels, it volatilizes only at a very high tem- 
perature; while in the air, it volatilizes easily at a red heat, and sublimes to 
transparent lamina and needles. On igniting it in a current of hydro- 
gen, it is first converted into the dioxide, and afterwards, by strong and 
long-continued heating, into the metal The non-ignited acid dissolves in 
acids. When heated to redness in vapor of carbon tetrachloride or in a 
mixture of chlorine and carbon monoxide, molybdic acid yields volatile 
chlorides (Quantis). The solutions are colorless ; but the hydrochloric solu- 
tion is colored by contact with zinc soon, and on addition of stannous chlo- 
ricfeimmediatdy, the color being blue, green, or brown, according to the pro- 
portion of reducing agent and the concentration of the fluid- Digested 
with ooppsr^ the sulphuric acid solution turns bine, and the hydrooblorio acid 
solution, brown. The reaction often requires some time. A solution of 
ferrous sulphate acidified with sulphuric acid colors acid solutions per- 
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manently blue. If sodium hypopTiosphite and sulphurous add are added 
to an acid solution of molybdic acid, a blue precipitation or only a bine 
coloration of the liquid results, according to the amount of molybdenum 
present. Slight warming hastens the appearance of the reaction (Millabd). 
In solutions acidified with hydrochloric acid, potassium ferroeyanide 
produces a reddish-brown precipitate. Tincture of galls as well as 
tannin color solutions of alkaline molybdates deep red with a brown tint, 
and if hydrochloric acid is now added, a brown precipitate or coloration 
results. A little hydrogen sulphide colors acid solutions blue, while more 
gives a brownish-black precipitate. The fluid over the latter at first appears 
green, but after being allowed to stand for some time, and heated, addi- 
tional quantities of hydrogen sulphide being repeatedly conducted into it, 
the whole of the molybdenum present separates ultimately, though slowly, 
as brownish-black molybdenum trisulphide, MoSs. The precipitate dis- 
solves in sulphides of the alkali metals. Acids reprecipitate molybdenum 
trisulphide from the sulphur salts thus formed, and the application of heat 
promotes the separation. Boiling ojmlic acid solution does not attack 
molybdenum sulphide (means of separation from tin sulphide produced in 
the wet way, which dissolves m it, Clarke). By heating to redness in the 
air, or by heating with nitric acid, molybdenum sulphide is converted into 
the acid. If potassium sulphocyanide and a little hydrochloric acid are 
added to a solution containing molybdic acid, it is not colored; but if some 
zinc is added, reduction takes place, and in consequence of the formation of 
a sulphocyanide corresponding to the dioxide or also to the sesquioxide, 
the liquid is colored oarmine-red. The addition of phosphoric acid does 
not destroy the reaction (difference from ferric sulphocyanide) Upon 
shaking the red hqnid with ether, the sulphocyanides are dissolved in 
the latter, and there is consequently formed a red layer of ether (0. D. 
Braun). If hydrogen peroxide is added to an acid solution of molybdic 
acid, a yellow-colored liquid results, the color of which is not taken up by 
ether upon shaking with the latter (Sohon, Weethkb, Baewald). When 
vanadium or titanium compounds are present at the same time, the re- 
action is not applicable. 

Molybdic acid dissolves readily in solutions of alkalies and alkali car» 
lonates. From concentrated solutions, nitric audd or hydrochhric acid 
throws down molybdic acid, which redissolves in a large excess of the pre- 
cipitant. The solutions of molybdates of the alkali metals are colored 
yellow by hydrogen sulphide^ and give afterwards, upon addition of acids, 
a brownisb-black precipitate. If a solution of molybdic acid in excess of 
ammonia is mixed with yeUow ammonium sulphide^ and boiled for some 
time, a dark red liquid of great depth of color is formed, in addition to a 
hrownish-black precipitate unless a very large excess of ammonium sul- 
phide is present. For the deportment of molybdic acid with oHhopJm- 
photic add and ammonia, see § 172, 10. 

If a little concentrated sulphuric acid is dropped upon a trough- 
shaped piece of platinum foil, a small amount of molybdic acid or 
of a molybdate is added in the form of powder, and the mixture is 
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then heated to copious fuming, allowed to cool, and a little alcohol 
is added or the platinum foil breathed upon repeatedly, an intense 
BLUE GOLOBATION OF THE SULPHUEIO ACID is produced (V. KOBELL, 
ScHON, Masohke). In the presence of antimonic acid or of much 
stannic oxide, the mixture must be evaporated with phosphoric acid 
before it is heated with sulphuric acid (IJAlSCHKE). When molybdic 
acid is heated on charcoal iu the oxidising flame, it is volatili 2 sed, and 
the charcoal becomes coated with a yellow powder, often crystalline, 
which becomes white upon cooling. In the reducing flame, metallic 
molybdenum is produced, which is obtained as a gray powder upon wash- 
ing away the carbon. In the oxidizing flame, molybdenum sulphide 
yields sulphurous acid, and molybdic acid which coats the charcoal. If 
molybdic acid or a molybdate is heated for a short time with sodium car- 
bonate in a spiral of platinum, the mass is dissolved in a few drops of water 
with the aid of heat, and the solution is soaked up with strips of filter- 
paper, these allow the recognition of molybdenum by touching them with 
hydrochloric acid and potassium ferrocyanide, with stannous chloride, and 
also with ammonium sulphide and hydrochloric acid (Bunsen). If 
molybdic acid is heated with an equal quantity of sulphur iodide * upon 
an artificially prepared gypsum plate, in the oxidizing flame of the blow- 
pipe, an ultramarine-blue coating is obtained (Wheeleb and Ludeeing). 
Concerning the miorochemioal detection of molybdenum, compare Haus- 
HOFEB, p. 97 ; Behbens, Zeitsohr. f. analyt. Ohem., 30, 168. 

§ 161. 

4. Tungsten, W. {Oxidea of Tvmgstm.) 

Tungsten does not occur widely disseminated in nature, and only in 
moderate amount. The most common tungsten minerals are scheelite 
(calcium tungstate) and wolframite (ferrous and manganous tungstate). 
Tungsten, produced by the reduction of tungstic acid by hydrogen at a 
strong red heat, is an iron-gray powder, which is very difiScultly fusible. 
The powder when ignited in the air gives tungstic acid, WO%, When 
heated in dry chlorine gas, free from air, it is converted into the blackish- 
violet tungstic chloride, WCla, which may be sublimed, and gener- 
ally contains lower chlorides and sometimes oxychlorides. This chloride 
is decomposed by heating with water, forming hydrated tungstic acid. 
Tungstic chloride is also obtained by heating tungstic acid to red- 
ness in the vapor of carbon tetrachloride or in a mixture of chlorine and 
carbon monoxide (Quantin). Acids, even aqua regia, dissolve metallic 
tungsten but little or not at all. It is also insoluble in potassium hydroxide 
solution, but it is dissolved by this reagent when an alkaline hypochlorite 
is mixed with it. Tungsten dioxidb, WO* , is brown, and by intense igni- 

«Thi 3 is prepared by fusing together 40 parts of iodine and 60 parts of 
sulphur, and pulverizing the mass. 
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tion, with free access of air, it is conTerted into tungstic acid. Tungstic 
ACID is lemon-yellow when cold, dark orange when hot, fixed, and insoluble in 
water and acids. With water and with bases, it forms two series of com- 
pounds : tungstates and metatungstat^. By fusing tungstic acid with jwta^ 
sium disulphate, and treating the fused mass with water, an acid solution is 
obtained, which contains no tungstic acid. After the removal of this solu- 
tion, the residue, consisting of potassium tungstate and a large excess of 
tungstic acid, completely dissolves in water containing ammonium carbon- 
ate (difference and means of separating tungstic from silicic acid). Alkam- 
METAL TUNGSTATES soluble in water are formed readily by fusion with 
alkali-metal carbonates, but with more difSculty by boiling with solutions 
of the same. Eydrochloric acid^ nitric adid^ and sidpivuric addy when 
added in sufficient quantity, produce in solntions of these tungstates 
white precipitates, which turn yellow on boiling, and are insoluble in an 
excess of the acids (difference from molybdic acid), but soluble in ammo- 
nia. They also dissolve, after pouring off the acid, upon protracted treat- 
ment with water. Upon evaporating with an excess of nitric acid to dry- 
ness, heating the residue to 120“, and treating the latter, without warming, 
with a solution of ammonium nitrate containing some nitric acid, the 
tungstic acid remains almost entirely nndissolved (N. J. Team, A. Ziegler). 
Fliosplioric acid does not produce precipitates, but rapidly changes tung- 
stic acid into metatungstic acid, in consequence of which, it prevents 
the precipitation by other acids. Barium chloride^ calcium dilmidey lead 
acetate^ silcer nitrate, and mercurous nitrate produce white precipitates. 
Potassium ferroci/anide, with addition of some acid, colors the fluid deep 
brownish-red, and after some time produces a precipitate of the same 
color. Tincture of galls and also tannin, with a little acid added, pro- 
duce a brown color or precipitate. Eydrogm sulphide scarcely precipitates 
acid solutions. Ammonium sulphide fails to precipitate solntions of 
alkali-metal tungstates, but upon acidifying the solution containing an 
excess of ammonium sulphide, light brown trisulphide, TVS® , mixed with 
sulphur, precipitates, which is slightly soluble in pure water, but is practi- 
cally insoluble in water containing salts. Stannous chloride produces 
a yellow precipitate, which on acidifying with hydrochloric acid, and 
applying Beat, acquires a beautiful blue color (highly delicate and 
characteristic reaction). If solutions of alkali tungstates are mixed with 
hydrochloric acid, or better still, with an excess of phosphoric acid, and 
zinc is added, the fluid acquires a beautiful blue color. The blue color 
produced in the hydrochloric acid solution changes transiently into red, 
and then becomes brownish-black. Also, upon the addition of sodium 
hypophosphite and sulphurous acid to a solution of an alkaline tung- 
state somewhat acidified with sulphuric acid, a solution colored deep blue 
is obtained upon gentle warming. Ferrous sulphate gives an ochre- 
colored precipitate, which does not become blue with acids (difference from 
molybdic acid). The mbtatungstates are mostly soluble in water. Upon 
protxacted boiling, sulphuric, hydrochloric, and nitric acids separate from 
the solutions the hydrate of ordinary tungstic acid. Fusing sodium meta* 
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pluispJiate dissolves tungstic oxide. The bead^ exposed to the oxidiziDg flamef 
appears clear, varying from colorless to yellowish ; while in the reducing 
flame, it acquires a pure blue color, and upon addition of ferrous sulphate, a 
blood-red color. By mixing tungstic acid with very little sodium carbonate^ 
and exposing in the cavity of the charcoal support to the reducing flame, 
tungsten in powder is obtained, which may be separated by washing. If 
tungstic acid is fused in the platinum spiral with sodium carbonate, the 
mass is warmed with a few drops of water, and the solution soaked up with 
strips of filter-paper, the latter give a means of detecting tungstic acid by 
the yellow color produced by moistening them with hydrochloric acid and 
warming, and by the blue color produced by touching them with stannous 
chloride and warming. Ammonium sulphide does not color the paper, 
either alone or after the addition of hydrochloric acid, but it assumes a 
blue or green color upon wanning (Bunsen). Upon heating with sulphur 
iodide upon a gypsum tablet in the oxidizing blowpipe flame (compare 
§ 160), tungstic acid yields a pale greenish-blue coating (Wheeler and 
Ludeeing). The tungstates which are insoluble in water may, most of 
them, be decomposed by digestion with acids. Wolframite, which strongly 
resists the action of acids, is fused with alkali-carbonate, when water will 
dissolve from the mass the alkali tungstate formed. Concerning the 
microchemical detection of tungstic acid, see Haushofeb, p. 141; Behrens, 
Zeitschr. f. analyt. Ohem., 30, 109. 


§162. 

5. Tellurium, Te. {Oxides of Tellurium.) 

Tel l ur i um is not widely disseminated, and is found in small quantities 
only, in the native state or alloyed with other metals, or as tellurous acid. 
It is a white, brittle, readily fusible metal, which may be sublimed in a- 
glass tube. Heated in the air, it burns with a greenish-blue flame, emit« 
ting thick, white fumes of tellurous acid. Tellurium is insoluble in hydro- 
chloric acid, but dissolves readily in mtric acid to tellurous acid, TeOs. 
Tellurium in powder dissolves in cold, concentrated sulphuric acid to a 
purple-colored fluid, from which it separates again upon addition of water. 
If the concentrated solution is heated, it becomes decolorized, and the 
greater part of the sulphate of tellurous acid, which is formed, separates. 
Tellurous acid is white; at a gentle red heat, it fuses to a yellow fluid, 
and it is volatilized by strong ignition in the air, forming no crystalline 
sublimata The anhydrous acid dissolves readily in hydrochloric acid, 
sparingly in nitric acid and dilute sulphuric acid, freely in solution of 
potassium hydroxide, slowly in ammonia, and barely in water. Hydrated 
tellurous acid is white, perceptibly soluble in cold water, and dissolves 
easily in hydrochloric acid and in nitric acid. Addition of water to 
the acid solutions throws down the white hydroxide, and from the undi- 
luted nitric acid solution nearly all the tellnrous acid separates after some 
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time as a crystalline precipitate. From the hydrochloric acid solution, 
alkalies and ancali em^onates throw down a white hydroxide, which is 
soluble in an excess of the precipitant. Hydrogen sulphide produces in 
acid solutions a brown precipitate of tellurous sulphide, TeSa (in color 
like stannous sulphide), which dissolves very freely in ammonium sulphide. 
From acid solutions, stanivms chloride and also zinc precipitate black, 
metallic tellurium. Sulphui'ous add and sodiu7n sulphite precipitate the 
metal in this way only in the presence of hydrochloric acid. If a solution 
of tellurous acid in an excess of potassium or sodium hydroxide is heated 
with addition of grape-sugar^ there is also a precipitation of metallic 
tellunum (Stolba). Tellurous acid produces a white precipitate in a mix- 
ture of magnesium chloiide^ ammonium chloride^ and ammonia. This 
precipitate is not crystalline (difference from selenious acid, Hilger, v. 
Geeichten). Telluric acid, TeOa , is formed by fusing tellurium or com- 
pounds of tellurous acid with mixtures of alkaline nitrates and carbonates. 
The mass is soluble in water, the solution remains clear upon acidifying it 
with hydrochloric acid in the cold, but upon boiling, it evolves chlorine, 
and tellurous acid is formed, which may be precipitated by water if the 
excess of acid is not too great. 

If tellurium, its sulphide, or an oxygen compound of the metal, is 
fused with potassium cyanide in a stream of hydrogen, potassium telluro- 
cyanide is formed. The fused mass dissolves in water, but a current of 
air throws down from the solution the whole of the tellurium (difference 
and means of separation from selenium). If finely pulverized tellurium 
or tellurium ore, e,g,^ gold telluride, is covered with a little water in a 
porcelain dish, a little mercury is added, and then a little sodium amalgam 
is brought upon this, the water is immediately colored beautifully violet 
in consequence of sodium telluride going into solution (G. Eustel). When 
tested in the dry way by Bunsen’s method (p. 31), the compounds of tellu- 
rium give a grayish-blue color in the upper reducing flame, while the 
upper oxidizing flame appears green. The volatilization is unaccom- 
panied by any odor. The incrustation produced by reduction is black, with 
a blackish-brown edge, and gives a crimson solution when heated with con- 
centrated sulphuric acid. The incrustaiion of oxide is white, and scarcely 
visible; but stannous chloride colors it black, metallic tellurium being 
separated. When heated with sodium carbonate in the sticlc of charcoal^ 
compounds of tellurium yield sodium tellunde, which when placed on 
dean silver and moistened produces a black stain, and when treated with 
hydrochloric acid (in the presence of enough tellunum) gives an odor of 
hydrogen telluride, with separation of tellurium. Oonceming the micro- 
scopic detection of tellurium, see Haushofeb, p. 124 ; Behrens, Zeitschr. 
£. andyt. Ohem., 30, 167. 
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§ 163 . 

6. Seleniot, Se. {Oxidea of Sdenium^ 

Selenium occurs rarely in nature, in the form of selenidea of metals. It 
is found occasionally m pyrites, and, in consequence of this, also in sul- 
phuric and hydrochlonc acids. It resembles sulphur in some respects, and 
tellurium m others. Fused selenium is grayish-black, volatilizes at a high 
temperature, and may be sublimed. Heated in the air, it bums taselemous 
oxide, SeOs , exhaling a characteristic smell of decaying radish. Selenium 
is soluble in carbon disulphide. The solution in contact with mercury pro- 
duces black selenide of mercury. Cold concentrated sulphuric acid dis- 
solves selenium to a dark green liquid, without oxidizing it, and upon 
diluting the solution, the selenium falls down in red flakes. Upon boiling 
with concentrated sulphuric acid, it dissolves with oxidation to selenious 
Aom. Nitric acid aud aqua regia also dissolve selenium to selenious acid. 
This volatilizes at about 200°, forming a deep yellow gas. Sublimed 
selenious acid appears in the form of white, four-sided needles, and 
hydrated selenious acid, in the form of crystals resembling those of potas- 
sium nitrate. Both the anhydride and the hydrated acid dissolve readily 
in water, forming strongly acid fluids. Of the normal salts, only those 
with the alkali metals are soluble in water ; the solutions have alkaline 
reactions. Most of the selenides dissolve readily in nitric acid, but the 
lead and silver salts dissolve with difficulty. In solutions of selenious acid 
or of selenites in the cold (in presence of free hydrochloric acid), hydrogen 
sulpJdde produces a yellow precipitate of a mixture of finely divided 
selenium and sulphur, which upon heating turns reddish-yellow, and is 
soluble in ammonium sulphide. Barimn chJoiide produces (after neutral- 
ization of the free acid, should any be present) a white precipitate of 
barium selenite, which is soluble in hydrochloric acid and in nitric acid. 
SidphuroiLS add precipitates red selenium from acid solutions, and also 
even from sulphuric acid solutions (difference from tellurium). Btannous 
chloride gives the same precipitate in hydrochloric and sulphuric acid solu- 
tions. Metallic copper^ when placed in a warm solution of selenious acid 
containing hydrochloric acid, immediately becomes coated black ; and if 
the fluid remains long in contact with the copper, it turns light red from 
separation of selenium (Beinsoh). Selenious acid produces in a mixture of 
magnesium chloride^ ammonium chloride, and ammonia, usually only after 
some time, a colorless, crystalline precipitate of magnesium selenite, which 
is soluble in acids (Hilgee, v. GtERICHtbn). Selenic acid, SeOs, is pro- 
duced by heating selenium or its compounds with mixtures of alkaline car- 
bonates and nitrates. The mass is soluble in water, and the solution remains 
clear upon being acidifled with hydrochloric acid. "When boiled with the 
latter, it evolves chlorine, selenic acid being converted into selenious acid. 
If seleiiium or one of its compounds is fused with potassium cyanide iu a 
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stream of hydrogen, potassium selenoeyanide is obtained, from which the 
selenium is not eliminated by the action of the air (as is the case with 
tellurium). It separates, however, upon long-continued boiling, after 
addition of hydrochloric acid. When tested according to p. 31, compounds 
of selenium give a him color to theflame^ and by volatilization and com- 
bustion of the vapor, the characteristic odor of decaying radish is emitted. 
The incrustation produced by reduction is brick-red to cherry-red, and 
gives a dirty green solution with concentrated sulphuric acid. The 
incrustation of oocidei^ white, and when moistened with stannous chloride 
becomes red from separated selenium. In the charcoal stick with sodium 
carbonate^ sodium selenide is formed, which when placed on silver and 
moistened produces a black stain, and when treated with acids yields 
hydrogen selenide. Heated with sulphur iodide in the oxidizing flame of 
the blowpipe, upon a gypsum tablet (compare § 160), selenious acid gives 
a reddish-brown coating (Whbblee and Ludeking). Concerning the 
microscopic detection of selenium, see Haushopeb, p. 116; Behrens, 
Zeitschr. f. analyt. Chem., 30, 167. 

To separate selenium from tellurium, heat the solution of tellurous and 
selenious acids in concentrated sulphuric acid with a fourfold volume of 
a moderately strong, aqueous solution of sulphurous acid, warm for some 
time. Alter oft the separated selenium, and heat with hydrochloric acid 
with the addition of more sulphurous acid, in order to precipitate the 
tellurium (Divers and Sghimose). 


B.-— Deportment op the Aoibs aih) their Hadzoals. 

§164. 

The reagents which serve for the detection of the acids are 
divided, like those need for the detection of the metals, into 
gehbbal bkagbhts, i.e., such as indicate the gbotjp to which 
the add nnder examination belongs; and spboial ebagbijts, 
e.e., such as serve to effect the identification of the mrnvxDTTAii 
ACIDS. The groups of adds cannot be defined with the tmma 
degree of precision as those into which the bases are divided. 

The two prindpal groups are the m^oBOAmo and ob- 
G'Aino Aon>s. This dividou is based upon those 
by which the ends of analysis are most easily attained, regard- 
less of theoretical considerations. In fact, this distinction is 
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based upon the behavior at a high temperature, and those acids 
are called organic of which the salts (particularly those of an 
alkali or an alkali-earth metal) are decomposed upon ignition, 
with separation of carbon. This criterion has the advantage, 
that a most simple preliminary experiment at once determines 
the class to which an acid belongs. The salts of organic acids 
with alkali or alkali-earth metals are converted into carbonates 
when heated to redness. 

Before proceeding to the special study of the several acids, 
a general view of all of them, dassided in groups, is here 
given. 


I. Inoeganio Aoms. 

FIEST GEOxrp; 

Division a. Chrondc acid (sulphurous and thiosulphuric 
acids, iodic acid). 

Division h. Sulphuric acid (hydrofluosilicic acid). 

Division o. Phosphoric acid^ horic acid^ oxalic addy hydros 
fiuoric acid (phosphorous acid). 

Division d. Carbonic cbcidy dlicio add. 

sEooisrD gboup: 

CKUyrine and hydrochloric add; bromine and hydrobrondo 
add; iodme and hydriodic acid; cyanogen and hydro* 
cyanic addy together with hydroferro* and hydroferri* 
cyanic addsy as well as hydrosulphocycmic add; 
sulphur and hydrosvlphvric add {hydrogen sulphide) 
(nitrous add, hypochlorous add, chlorous acid, hypo* 
phosphorous add). 

THTBP GEOTJP: 

Nitric addy chloric add (perdiloric add). 

n. Oegahio Aoms. 

FIEST geoitp: 

OxdUe aoid, tcartome addf oitrie aoid^ hujUm acid (racemio 
add). 
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SECOKD gboup: 

Succinic acid, hensoic Oicid, scdicyUo acid. 

THIRD GBOtJP: 

AceUo acid^ formio acid (lactic add, propionic acid, butyric 
add). 

The acids printed in italics are more frequently met with in 
the examination of minerals, waters, ashes of plants, industrial 
products, articles of food and luxury, medicines, etc. ; while 
the others occur more rarely. 


L Inorganio Acms. 

First Group. 

Anmfl WHIOH FREOIPITATED FROM ITrUTBAX SoLUTIOHS BT 

Babicm CniiOsiDB. 

§166. 


For the sake of distinctness, this group is subdivided into 
four divisions, as follows; 

a. Adds which are decomposed in add solution by hydrogen 
sulphide, and to which attention has therefore been directed 
already in the testing for bases, viz., ohromio acid (sul- 
phurous add, and thiosulphuric add, the latter because it is 
decomposed and detected by the mere addition of hydro- 
chloric acid, to the solution of one of its salts; and also 
iodic acid).* 

h. Acids which are not decomposed in add solution by hydrogen 

* To this first division of the first group of inorganic acids belong properly 
also all the ozygen compounds of a distinctly pronounced acid character, 
which have been discussed already with the Sixth Group of the metals (acids 
of arsenic, antimony, selenium, etc.). But as the reaction of these compounds 
with hydrogen sulphide leads to confounding them with other metals rather 
than with other acids, it appears the safer course to class these compounds, 
which stand, to a certain degree, upon the border-line between hues and 
acids, with the metallic radicals. 
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sulphide, and the barium compounds of which are insoluble 
or scarcely soluble in hydrochloric acid, riz., sciphurio 
ACID (hydrofluosilicic acid) . 

0. Acids which are not decomposed in acid solution by hydrogen 
sulphide, and the barium compounds of which dissolve in 
hydrochloric acid, apparently Tsdthout decom]>osition, inas- 
much as the acids cannot be completely separated from the 
hydrochloric acid solution by heating or evaporation, \iz., 

PHPOSHOBIC ACm, BORIC ACID, OXALIC ACID, HYDROFLl’i iRIC ACID 

(phosphorous acid). (Oxalic acid, although it will be 
considered with the organic acids, is included here, because 
its salts are decomposed upon ignition, without actual car- 
bonization, and this fact may lead to its being overlooked as 
an organic acid.) 

Acids which are not decomposed in acid solution by hydrogen 
sulphide, and the barium salts of which are soluble in 
hydrochloric acid, with separation of the acid, viz., carboxio 

ACED, SILICIC ACID. 

^irsi Dwision of the Mrat Group of Inorgmio Acids. 

§166. 

Chromic Acid (Anhydride)^ OrO,. 

1. Chromium trioxide forms a scarlet, crystalline mass, or 
distinct acicular crystals. Upon ignition, it is resolved into 
chromic oxide, CraO„ and oxygen. It deliquesces rapidly upon 
exposure to the air. It dissolves in water, imparting to the 
fluid a deep reddish-yellow tint, which remains visible in very 
dilute solutions. 

2. The OHROMATBS are all red or yellow, and for the most 
part insoluble in water. Part of them are decomposed upon 
ignition. Those with alkali bases are soluble in water, and 
when normal are not decomposed by ignition ; the solutions of 
the normal alkali-metal chromates are yellow, those of the acid 
chromates are reddish-yellow. These tints are visible in highly 
dilute solutions. The yellow color of the solution of a normal 
salt changes to reddish-yellow on the addition of an acid. 
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3. Hydrogen acting npon the acidified solntion, 

produces first a brownish coloration of the fiuid, then a green 
color, arising from the formation of a chromic salt. This, 
change of color is attended with separation of sulphur, which 
imparts a milky appearance to the fiuid ; K,Cr,0, + 4H,SO^ 4* 
3H,S = + Or,(S 04 ), + 3S -f- 7HjO. Heat promotes 

the reaction, part of the sulphur being in that case converted 
into sulphmic acid. 

4. Awmonmm sulphide, when added in excess to a solu- 
tion of an alkali dichromate, immediately produces a bluish 
gray-green precipitate, consisting essentially of chromic hydrox- 
ide and sulphur. In a solution of normal potassium chromate, 
at first a dark brownish coloration alone is produced, but the 
bluish gray-green precipitate above mentioned soon separates. 
The precipitations are complete only upon boiling. After being 
washed, the precipitate dissolves in hydrochloric acid, giving oS 
an odor of hydrogen persulphide. 

5. Chromic acid may also be reduced to chromic oxide by 
means of many other substances, and more particularly by 
svlphwrous aoid, by heating with concentrated Jvydrochlorio 
add, or with the dilute acid and alcohol (in which case ethyl 
chloride and aldehyde are evolved); by stam/nous cldoride or 
mstcdUe dm in the presence of hydrochloric or sulphuric acid,, 
by heating with tartao'io add, omUo add, etc. All these 
reactions are clearly characterized by the change of the red or 
yellow color of the solution to the green or violet tint of the 
chromic salt. Alkaline solutions of chromates are not reduced 
by alcohol, even upon heating (diSerence from manganic and 
permanganic acids). 

6. In aqueous solutions of chromates, harvwm chloride pro- 
duces a yellowish-white precipitate of barium chromate, 
BaOrO^ , soluble in dilute hydrochloric and nitric acids. This 
dissolves very slightly in cold water, but somewhat more in hot 
water. Ammonium salts increase the solubility very notice- 
ably, and acetic add increases it considerably, ^e solu- 
bility in these weaker solvents disappears completely, however, 
if normal potassium or ammonium chromate is added. 

7. In aqueous solutions of normal chromates, sH/oer nvbrodo 
produces a dark brownish-red predpitate of silver chromate. 
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AgjCrO^, easily soluble in nitric add and in ammonia. In 
slightly acid solutions, it produces a dark red to reddish-brown, 
crystalline precipitate of silver dichromate, Ag,OraO,, which 
dissolves easily in ammouia, and somewhat less readily in nitric 
acid. 

8. In an aqueous or acetic add solution of a chromate, 
lead acetate produces a yellow precipitate of lead chromate, 
PbCrO* , insoluble in ammonia, soluble in potassium hydroxide 
and sodium hydroxide solutions, sparingly soluble in dilute 
nitric acid, and insoluble in acetic acid. Upon heating vrith 
alkalies, the yellow normal salt is converted into a red basic 
chromate, PbCrO^.PbO. 

9. If a very dilute, acid solution of hydrogen _peroseide* 
(about 6 or 8 cc) is covered with a layer of (about half a 
centimeter thick), and a fluid containing chron^ aeid is added, 
the solution of hydrogen peroxide acquires a fine 'blue color. 
By closing the test-tube with the thumb, and inverting it repeat- 
edly, without much shaking, the solution becomes coiojrfess, while 
the ether acquires a blue color. The lattei;^ reaction ie. jiartieu- 
larly characteristic. One part of potassiuil^' chromate in ^0,000 
parts of water sufiSces to produce it distinctly (Stoker) ; but the 
presence of vanadic acid materially impairs th^iielici^y of, the test 
(WBETHER).t This blue coloration is caused by perchromio 
acid, Cr^O,. After some time, it is reduced to a chromic salt, 
and the ether is decolorized. 

10. If insoluble chromates are fused with eodivm catenate 
with the addition of some potassium chlorate, and the mass is 
treated with water, a solution is obtained which is colored 
yellow from the alkali chromate dissolved in it, and which 
becomes reddish-yellow upon the addition of an ao^d:, The 


* If a solution of hydrogen peroxide is not at hand, a solution which V 
adapted for making the experiment may he easily prepared by triturating t. 
fragment of barium dioxide (about the size of a pea) with some water, and 
adding it with stirring to a mixture of about 80 cc hydrocbloric acid and 130 
cc water. The solution keeps a long time without sndfering decomposition. 
In default of barium dioxide, impure sodium dioxide may be used, which is 
obtained by heating a fragment of sodium in a porcelain capsule until it takes 
fire, anddetting it bum. 

f Joum. f prakt. Ghem., 83, 195. 
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metals of the original insoluble chromates remain undissolred 
as oxides or carbonates, when the mass is treated with water. 

11. In the blowpipe flame, the chromates show the same 
reactions with godAvm metapho^hate and with borax as chromic 
oxide compounds. 

12. Yery minute quantities of chromic acid may be detected 
in aqueous solution by one of the following methods : a. Mix 
with the fluid, slightly acidified with sulphuric acid, a little 
tincture of guaiacum (1 part of the resin to 100 parts of alcohol 
of 60 per cent), when an intense blue coloration of the fluid will 
at once make its appearance, speedily vanishing again, however, 
where mere traces of chromic acid are present (H. Sohiff). 

b. Dissolve a little diplienyla/mme in concentrated sulphuric 
acid, and add a drop of the solution containing chromic acid. 
A distinct blue coloration shows the presence of chromic acid. 

c. Moisten a small piece of starch with a freshly prepared 

potassium iodide solution, and di‘op upon it some of the chromic 
acid solution which . is acidified with dilute hydrochloric or 
sulphuric acid, or add a small amount of carbon disulphide 
to a freshly potassimn iodide solution, add the chromic 

acid solution acidified with hydrochloric or sulphuric acid, and 
shake. The occurrence of a violet coloration of the starch or of 
the carbon disulphide allows the detection of even the minutest 
traces of chromic acid. "With the reactions mentioned in 12, 
the presence of chronfiic acid is shown ont/y when it is certain 
that other substances which give the same or similar reactions 
(and there are many of them) are absent. 


Ohromic acid being reduced by hydrogen sulphide to 
a chromic salt, the element is dways found in the course of 
analysis in the examination for bases. The intense color of the 
solutions containing ohromic acid, the excellent reaction with 
hydrogen peroxide, and the characteristic precipitates produced 
by solutions of lead and of silver salts, afford, moreover, ready 
means for its detection. For the discovery of traces of chro- 
mium present in many minerals, for instance in serpentine, the 
reactions in 12 may be used after the mineral has been fused 
with sodium carbonate and potassium chlorate. Oonceming 
the detection of normal alkaline chromates in the presence of 
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diciiromates, of dichromates in the presence of normal chromates, 
and of free chromic acid in alkaline dichromates, compare E. 
PoNATH, Zeitschr. f. analjt. Chem., 18, TS. In regard to the 
microchemical detection of chromic acid, see § 108. 


Barer Adds of the First Division. 
§ 167. 


1. SuiPHTJBOXJS Acid, H,S0,. {Sulphurous Anhydride, SO,.) 

SnuPHUR DiozmE or suifHOBOUS AKBTDRIDE, SO«, is a colorless, non- 
inflammable gas, which has the stifling odor of burning sulphur. It dis- 
solves copiously in water. The solution has the odor of the gas, reddens 
litmus-paper, and bleaches Brazil-wood paper. It gradually absorbs oxygen 
from the air, and is thereby converted into dilute sulphuric acid. The salts 
are colorless. Of the normal sulphites, only those with alkali bases are 
readily soluble in water; while many of the sulphites insoluble or spanngly 
soluble in water dissolve in an aqueous solution of sulphurous acid, but fall 
down again on boiling. All the sulphites evolve sulphur dioxide when 
treated with sidphurio add, and this can be readily distilled from the solu- 
tions. OMorine-water changes sulphites to sulphates, and consequently 
dissolves most of them. Sarium cliloride precipitates normal sulphites, but 
not free sulphurous acid. The precipitate dissolves in hydrochloric acid. 
Alkali-metal acid sulphites yield, besides the precipitate of normal barium 
sulphite, free sulphurous acid, which remains in solution. Hydrogen 
decomposes free sulphurous acid, water and pentathionic acitt 
being formed, with separation of sulphur. If to a solution of sulphurous 
acid miTori with an equal volume of hydrochloric acid, a piece of clean 
copper wire is added, and the mixture is boiled, the copper appears black, 
as if covered with soot, if much sulphurous acid is present; but only dull 
if little is present (H. Bbinbch). If a trace of sulphurous acid or of a sul- 
phite is introduced into a flask in which hydrogen is being evolved from 
sulphur-free rfnc or dliotiiniiim and hydrochloric a/M free from sul- 
phurous acid, hydrogen sulphide is immediately evolved along with the 
hydrogen, and the gas now produces a black coloration or a black pre- 
cipitate in a solution of lead acetate to which has been added a sufficient 
quantity of caustic soda to redissolve the precipitate which forms at flret 
Sulphurous acid is a powerful redwing agent. It reduces chromic acid, 
permanganic acid, iodic acid, mercurous nitrate, and upon heating (in 
the presence of a considerable amount of alkali-metal chloride), it reduces 
mercuric chloride (to mercurous chloride). It decolorizes iodized starch. 
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-and produces a blue pK cipitate in a mixture of potassium ferricyanide and 
ferric chloride, etc. It, therefore, filter-paper is wet with a dilute starch 
solution* containing some pure potassium iodate (A. Frank), or with a 
solution of feme chloride and potassium femcyanide (0. Brown), and the 
paper is dried, very delicate test-papers for sulphurous acid are obtained. 
The resulting blue colorations are comlnsioe tests for sulphurous acid only 
when other reducing agents are certainly not present. The papers, in a 
moistened condition, are therefore especially adapted for the detection of 
minute amounts of gaseous sulphurous acid. SUver nitrate precipitates, from 
a solution of sulphurous acid, white silver sulphite, soluble in nitric acid. 
With a hydrochloric acid solution of staimou^s chloride^ a yellow precipitate 
'of STANNIC SULPHIDE IS formed after some time. If an aqueous solution of 
an alkali-metal sulphite is mixed, if not neutral, according to circum- 
stances, with acetic acid to give it an exactly neutral reaction, or with 
hydrogen sodium carbonate (an excess of which is without disadvantage, 
while an excess of alkaline hydroxide, normal carbonate, or ammonium 
carbonate may prevent the reaction), and is then added to a rela- 
tively large amount of solution of zinc ml^fiate mixed with a very 
small quantity of sodium niti opi'ussidej the fluid acquires a red color if 
the quantity of sulphite present is not too inconsiderable. When, however, 
the amount of sulphite is very minute, the coloration makes its appear- 
ance only after addition of some solution of potassium ferrocyanide. 
If the quantities are not altogether too small, a purple-red precipitate 
will form upon the addition of the potassium ferrocyamde (BAdeker). 
Thiosulphates of the alkalies do not show this reaction. Oonceming the 
microchemical detection of sulphurous acid, compare Deniges, Pharmac. 
Oentralhalle, 1892, p. 98. 


§ 168 . 

2, Thiosulphurio Achd, 

Thiosulphuric anhydride, SaOs, does not exist in the free state. 
Most of its salts are soluble in water. The solutions of most thiosul- 
phates may be boiled without suffering decomposition ; but upon boil- 
ing its solution, calcium thiosulphate is resolved into calcium sulphite 
and sulphur. The alkali-metal thiosulphates, when heated out of con- 
tact with air, decompose into water, sulphur and hydrogen sulphide, 
which escape, and a mixture of sulphide and sulphate of the alkali metal, 
which remains behind. If stdplmric or hydrocMoric aoid is added 
to the solution of a thiosulphate, the liquid at first remains clear and 
odorless, but after a short time (the shorter, the more concentrated and 
warmer the solution), it becomes more and more turbid, owing to the sep- 

* 2 g of wheat starch, 100 g of water, and .2 g of potassium iodate 
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'aration of sulphur, and exhales the odor of sulphur dioxide. Silver nitrate 
produces a white precipitate of silver thiosulphate, which is soluble in 
an excess of the thiosulphate, and after a little while (upon heating, 
almost immediately) turns black, being decomposed into silver sul* 
phide and sulphuric acid. Sodium thiosulphate dissolves silver chloride; 
upon the addition of an acid, the solution remains clear at first, but after 
some time, and immediately upon boiling, silver sulphide separates. 
Bartiim chloride produces a white precipitate, which is soluble in much 
water, more especially hot water, and is decomposed by hydrochloric acid. 
Ferric chloiide colors the solutions of alkali thiosulphates reddish-violet 
(difference from alkali sulphites); but on standing, the liquid loses its color, 
•especially when heated, ferrous chloride being formed. Acidified solution 
of chromic add is immediately reduced by thiosulphates to green chromic 
salt solutions. When the chromic acid solution is not acidified, it turns 
brown, and upon heating, it yields brown chromic chromate. ‘ Iodized 
starch solution and an acidified solution of potassium per^nanganate are 
decolorized at once. With zinc or aliiminium and hydrochloric add the 
thiosulphates behave like the sulphites. Treated with potassium or sodium 
hydroxide and aluminium^ sulphides of the alkali metals are obtained 
(D£ Koninoe, difference from sulphites). 


Where it is required to find sulphites and thiosulphates of the alkali 
metals in presence of alkali-metal sulphides, as is often the case, solution of 
zme sulphate is first added to he fluid until the sulphide is decomposed; the 
zinc sulphide is then filtered off, and one part of the filtrate is tested for 
thiosulphuric acid by addition of hydrochloric acid or with aluminium and 
potassium hydroxide, another portion for sulphurous acid with sodium 
nitroprusside, etc. 


§169. 

3. loDio Acid, BIO,. (Iodic Anhydride, 1,0,.) 

lonio ANHTDBEOE fonuB a white, crystalline powder, while the acid forms 
eolorless, rhombic crystals. Both are readily soluble in water, and are de- 
composed at a moderate heat into iodine vapor and oxygen, and, in the case 
of the hydrated acid, water also. The salts are decomposed upon ignition, 
being resolved either into oxygen and a metallic iodide, or into iodine, 
oxygen, and metallic oxide. Only the iodates of the alkali metals dissolve 
readily in water. From solutions of alkali-metal iodates, barium chloride 
throws down a white precipitate of barium iodate, whi<fiL is soluble 
in nitric acid. SUsaer nitrate gives a white, granular, crystalline precipitate 
of silver iodate, which dissolves readily in ammonia, but only sparingly in 
nitric acid. Lead acetate precipitates white lead iodate, which is scarry 
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soluble in water, and dijficultly so in nitric acid. Hydrogen sulphids 
precipitates iodine from solutions of iodic acid, with the simulta- 
neous separation of sulphur. Upon further addition of hydrogen sulphide, 
the iodine dissolves in the hydriodic acid formed, and with an excess of 
hydrogen sulphide, the liquid becomes decolorized with further separation 
of sulphur, while the iodine is completely converted into hydriodic acid. 
Iodic acid when combined with bases is also decomposed by hydrogen sul- 
phide. Sulphurous add throws down iodine, which is converted into 
hydriodic acid by an excess of the snlphurous acid. A boiling, 
saturated solution of oxahc add expels all the iodine from salts of lodio 
acid. Phosphates (colorless as well as red, the latter with especial energy) 
reduces free and combined iodic acid even in very dilute solutions, with 
the formation of phosphoric acid and the separation of iodine (Polaooi). 
To detect iodic acid in nitric acid, it is best to dilute the latter with about 
2 volumes of water, to add a little carbon disulphide or chloroform and 
one drop of an aqueous solution of sulphurous acid, and to shake the mix- 
ture. If iodic acid was present, the carbon disulphide or chloroform is 
colored violet in consequence of taking up the iodine set free. An excess 
of sulphurous acid is, of course, to be avoided. 


Second Dwieion of the Fi/rst Qrowp of Inorgamo Aoide^ 

§1T0. 

SuLPEUBio Aom, H,SO,. {Bd/plmrio Anhydride, SO,.) 

1. Sttlphue tbiozidb or sulphtteic aithtdeedb, so,, usually 
forms a 'white, feathery, crystalline mass, which fumes strongly 
upon exposure to the air ; while oonoentbated sulphueio acid 
(which contains a little more water than the formula H,SO, requires) 
forms an oily liquid, colorless and transparent like water. Both 
the anhydride and the acid char organic substances, and combine 
■with water in all proportions, the process of combination being 
attended with considerable elevation of temperature, and in the- 
case of the anhydride, with a hissing noise. 

2. The normal sttuphates are readily soluble in water, •with 
the exception of the sulphates of barium, strontium, ra».1<»iTim 
and lead. The basic sulphates of the hea-ry metals which are 
insoluble in water dissolve in hydrochloric or in nitric acid. 
Most of the sulphates are colorless or white. Those of the 
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alkali and alkali-earth metals are not decomposed by moder- 
ate ignition, but are more or less easily decomposed at very high 
temperatures. The other sulphates are variously acted upon by 
a moderate red heat, some of them being readily decomposed, 
and many others resisting decomposition. 

3. Even in exceedingly dilute solutions of sulphuric acid 
and of the sulphates, harium chloride produces a finely pulver- 
ulent, heavy, white precipitate of barium sulphate, BaSO^, 
scarcely soluble in dilute hydrochloric and nitric acids. From 
very dilute solutions, the precipitate separates only after stand- 
ing for some time. Concentrated acids and concentrated solutions 
of many salts impair the delicacy of the reaction, while a certain 
excess of barium chloride increases it. 

4. Lead acetate produces a heavy, white precipitate of lead 
SULPHATE, PbSO^, which is but sliglitly soluble in water, still 
less so in dilute sulphuric acid, insoluble in alcohol, and spar- 
ingly soluble in dilute nitric acid, but dissolves completely in 
hot concentrated hydrochloric acid. It is dissolved by hot solu- 
tions of ammonium tartrate or acetate. 

6. The sulphates of the alkali-earth metals which are in- 
soluble in water and acids are converted into caebohates by 
fusion with alkali-metal carlonates ; but lead sulphate yields 
LEAD OXIDE when treated in this manner. In both cases, alkali- 
metals sulphates are formed. The sulphates of the alkali-earth 
metals and of lead are also resolved into insoluble carbonates and 
soluble alkali sulphates, by digestion or boiling with concentrated 
solutions of carbonates of the alkali metals. In the case of 
barium sulphate, however, repeated boiling with renewal of the 
solution is necessary for complete decomposition. 

6, Upon fusing sulphates with sodium carlonate on charcoal 
in the inner flame of the blowpipe, or heating them in the stick 
of charcoal (p. 34) in the lower reducing flame, the sulphuric 
acid is reduced, and sodium sulphide formed, which may be 
readily recognized by the odor of hydrogen sulphide emitted 
upon moistening the sample and the part of the charcoal into which 
the fused mass has penetrated, and adding a small quantity of an 
acid. If the fused mass is ti*ansferred to a clean silver plate, or 
a polished silver coin, and then moistened with water, a black 
stain of silver sulphide is immediately produced. (Compounds 
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of telluriTun and selenitm give Hie same reaction.) Since the 
gas flame contains sulphur, these experiments by fusion should 
be made by the help of an alcohol-lamp. 

7. Concerning the microchemical detection of sulphuric acid, 
see Haushofbb, p. 115; Behebns, Zeitschr, f. analyt. Chem., 
30 , 166. 


B&narka . — The characteristic and exceedingly delicate reac- 
tion of suLPHUEio Aon> with barium salts renders the detection 
of tliis acid an easier task than that of almost any other. It is 
simply necessary to take care not to confound with barium 
sulphate, precipitates of barium chloride, and particularly of 
barium nitrate, which are formed upon mixing aqueous solu- 
tions of these salts with fluids containing a large proportion of 
free hydrochloric acid or free nitric acid. It is very easy to dis- 
tinguish these precipitates from barium sulphate, since they re- 
dissolve immediately upon diluting the acid fluid with water. To 
lilute the fluid largely is a rule that should never be de- 
pai-ted from in testing for sulphuric acid with barium chloride. 
A little hydrochloric acid should also be added, which counter- 
acts the adverse influence of many salts — ^for instance, citrates 
of the aiknli metals. Where very minute quantities of sulphuric 
*cid are to be detected, the fluid, after the addition of a sufid- 
cient excess of barium chloride, should be allowed to stand sev- 
eral hours at a gentle heat. The trace of barium sulphate formed 
will in tliat ease be found deposited at the bottom of the vessel. 
When the least uncertainty exists about the nature of the pre- 
•cipitate produced by barium chloride in presence of hydrochloric 
acid, the reaction in 6 will at once remove all doubt. In 
testing for very small quantities of sulphuric acid in the presence 
of much hydrochloric or nitric acid, the greater part of the lat- 
ter should first be evaporated off or neutralized with an alkali 
before adding barium chloride. To detect val^Jvwrio add 
in presence of a sulphate, the fluid is mixed with a very little 
cane-sugar, and evaporated to dryness in a porcelain dish at 
100®. If free sulphuric acid was present, a black residue re- 
mains, or in the case of most minute quantities, a blackish-green 
residue. Other free acids do not decompose cane-sugar in this 
way. The reaction may be also carried out by adding a very 
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ininiite amount of cane-sugar (about .2 to .3 per cent) to the 
solution, and allowing tlie lower end of a strip of filter-paper 30 
or 4:0 cm long to dip into it. After 24 hours, the strip of papei 
is dried and heated to 100®, In the presence of free sulphuric 
acid, the paper becomes brown or black, and often very brittle, 
■at the upper limit of the moistened part (Xesslee). 


§1Y1. 

Htdbofluosilioio Acid, H,SiF,. 

Hydrofluosilioio acid forms a white., deliquescent mass, which fuses at 
19% and is easily soluble in water. The aqueous solution is a very acid 
fluid, which volatilizes completely upon evaporation in platinum, as silicon 
fluoride and hydrofluoric acid. When evaporated m glass, it etches the lat- 
ter. With bases, it forms water and silicofluorides, most of which are 
soluble in water, redden litmus-paper, and upon ignition are resolved into 
metallic fluorides and silicon fluoride. Barium chloride forms a crystal- 
line precipitate with hydrofluosilicic acid (§ 100, 6). Strontium chloride 
forms no precipitate with this acid, while lead acetate added in excess 
g;ive8 a white precipitate. Potassium salts precipitate transparent, gelat- 
inous potassium silicofluonde. Ammonia m excess throws down hydrated 
silicic acid, with formation of ammonium fluoride. By heating metallic 
silicofluorides with concentrated sulphuric acid^ dense fumes are emitted 
in the air, arising from the evolution of hydrofluoric acid and silicon flu- 
oride. If the experiment is conducted in a platinum vessel covered with 
glass, the fumes etch the glass (§ 176, 6), while the residue contains the 
sulphates formed. 


TImd JDwisim <ff Groujp of Inorgaam AcuZa 

§1T2. 

a. Phosphoeio Acod, H,P0.. {Pho^horie Anhyobnde, P,0,.) 

1. CouuoH PHOSPHOSITB is a colorless, transparent, solid body, 
of 1.83 sp. gr., with a waxy appearance. It is insoluble in 
water, somewhat soluble in alcohol and in ether, and easily sol- 
uble in carbon disulphide. Taken internally, it acts as a virulent 
poison. It fuses at 44.3®, and boils at 290®, but it volatilizes in 
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small amount even upon distillation with water. By the infin. 
ence of light, phosphorns kept under water turns first yellow, 
then red, and is finally covered with a white crust. If 
exposed to the air at the common temperatm'e, it exhales 
a highly characteristic and most disagreeable odor, copious 
fumes being evolved, which are luminous in the dcu'k. These 
fumes are formed by oxidation of the vapor of phosphorus, and 
consist of phosphoric and phosphorous adds and phosphorus 
vapor. "When the air is moist, ozone, hydrogen dioxide, and 
ammonium nitrite are produced at the same time. Phospho- 
rus very readily takes fire, burning with a luminous flame to' 
phosphoric anhydride, the greater part of which appears in the 
form of white fumes. By the protracted influence of light, or by 
heating to 250“ out of contact with air, phosphorus is converted 
into BED (so-called amorphous) phospuobus. Bed phosphorus 
does not alter in the air, is not luminous, its inflammability is 
much decreased, it is not poisonous, has a specific gravity of 
2.1, and does not dissolve in carbon disulphide. Bfitric acid 
and nitro-hydrochloric acid dissolve colorless phosphorns rather 
readily upon heating. Besides phosphoric acid, the solutions at 
first also contain phosphorous acid. Hydrochloric acid does, 
not dissolve phosphorus. If phosphorus is boiled with solution 
of potassium or sodium hydroxide, or with millr of lime, hypo- 
phosphites and phosphates are formed, while spontaneously- 
inflammable hydrogen phosphide gas escapes. If a substance 
containing colorless phosphorus is placed at the bottom of a flask, 
and a strip of paper moistened with solution of silver nitrate is 
suspended inside the flask by means of a cork loosely inserted 
into its mouth, and a gentle heat applied (from 30“ to 40“), the 
paper will turn black, in consequence of the reducing action 
of the phosphorus fumes, even though only a most minute quan- 
tity of the phosphorns is present. If, after the termination of 
the reaction, the blackened part of the paper is boiled with 
water, the undecomposed portion of the silver salt precipitated 
with hydrochloric add, the fluid filtered, and the filtrate evap- 
orated as far as practicable on the water-bath, the presence of 
phosphoric acid in the residue may be shown by means of the 
reactions described below (J. Scheeee). It must be borne in 
mind that the silver salt is also blackened by hydrogen sulphide, 
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formic acid, volatile products of putrefaction, etc., and, moreover, 
that the detection of phosphoric acid in the strip of paper can be 
of value only where the latter and the filtering-paper were per- 
fectly free from phosphoric acid. As regards the deportment 
of phosphorus upon boiling with dilute sulphuric acid, aud in a 
hydrogen evolution apparatus supplied with zinc and dilute sul- 
phuric acid, see the detection of phosphorus, Part 11, Division II. 

2. Anhydbous phosphoeio acid, P,0, , is a white, snow- 
like mass, which rapidly deliquesces in the air. 'Wheu treated 
with water, it hisses, and is at first only partially dissolved ; in 
time, however, the solution is complete. "With water and bases, 
it forms three series of compounds; viz., ^vith 3 molecules of 
water or with an equivalent amount of base, orthophosphoric 
acid or common phosphates ; with 2 molecules of water or the 
corresponding amount of base, pyrophosphoric acid or pyro- 
phosphates ; with 1 molecule of water or its equivalent of base, 
metaphosphoric acid or metaphospliates. Since compounds of 
orthophosphoric acid only are usually encountered in nature and 
in analysis, these alone will be discussed in a comprehensive 
manner, while pyro- and metaphosphoric acids will be treated 
more briefly in a supplementary paragraph. 

3. Obthofhobfhubio acid, H,P 04 , forms colorless and jiellu- 
■cid crystals, which deliquesce rapidly in the air to a syrupy, non- 
caustic liquid. The action of heat changes it into meta- or pyro- 
phosphoric acid, according to whether one or two molecules of 
water are expelled from 2H,FO^. Heated in an open platinum 
dish, orthophosphoric acid, if pure, volatilizes completely, though 
with diffictdty, in white fumes. 

4. The action of heat fails to decompose the obthofhos- 
FHATES with fixed bases, but converts them into pyrophosphates 
if they contain one hydrogen or one ammonium, and into meta- 
phosphates if they contain two hydrogens or other volatile radi- 
cals. Of the normal orthophosphates, only those with alkali 
bases are soluble in water. The solutions manifest alkaline 
reactions. If pyro- or metaphosphates are fused with excess of 
sodium carbonate, the fused mass contains only orthophosphates. 

5. In aqueous solutions of alkaline phosphates having a 
neutral or idkaUne reaction, but not in those having an acid 
.reaction (dihydrc^n phosphates), 'barium chloride produces white 
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precipitates of barium phosphate, HBaPO* or Ba 3 (POj^ ,* 
wliich are soluble in hydrochloric and niti*ic acids, but difficultly 
soluble in ammonium chloride. 

6 . In neutral or alkaline solutions of phosphates, but not 
in solutions of phosphoric acid, solution of caldxim sulphate 
produces a white precipitate of hydrogen calcium phosphate,. 
HCaP04.2H,0, or of tricalcium phosphate, Ca,(PO,)a , which 
dissolves readily in acids, even in acetic acid if it is still in an 
amorphous condition, and in this state, it is soluble also in am- 
monium chloride. 

7. In concentrated solutions of dimetallic alkali phosphates,. 
magnesiy/m sulphate produces a white precipitate of hydrogen 
MAGNESIUM PHOSPHATE, HMgPO^.TH^O, whicli oftcn separates 
only after some time ; but upon boiling, a precipitate of trimagnb- 
SIUM PHOSPHATE, Mg3(POJ,.7HaO, is thrown down immediately. 
The latter precipitate forms also upon addition of magnesium 
sulphate to the solution of a triinetallic alkali phosphate. But if 
a mixture of magnesium sulphate and sufficient ammonium chlo- 
ride to keep it clear when it contains ammonia is added to a solution 
of phosphoric acid or of an alkali-metal phosphate, and then art 
excess of ammonia is also added, a white, crystalline and quickly 
subsiding precipitate of ammonium magnesium phosphate, 
NH^MgP 04 . 6 IIj, 0 , is formed, even in highly dilute solutions. 
This precipitate is almost entirely insoluble in ammonia, and 
most sparingly soluble in ammonium chloride, but dissolves 
readily in acids, even in acetic acid. It makes its appearance 
often only after the lapse of some time, but stirring promotes its 
separation (§ 103, 8 ). The reaction can be considered decisive 
only if no arsenic acid is present (§ 156, 8 ). 

8 - Siher nitrate throws down from solutions of di- and tri- 
metallic alkali phosphates, a light yellow precipitate of silver 
phosphate, AgjPO^ , which is readily soluble in nitric acid and 
in ammonia. If the solution contained a trimetallic phosphate,, 
the fluid in which the precipitate is suspended manifests a neu- 
tral reaction, while the reaction is add if the solution contained 


* A precipitate corresponding to the first formula is produced when the so- 
lution contains an alkaline phosphate with one hydrogen and two alkali-metal 
atoms or ammoniums, while a precipitate corresponding to the second formula 
ifl formed where the phosphate is trihadc. 
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a dimetalUc phosphate. The acid reaction in the latter ca&e 
arises from the circumstance that the nitric acid radical receives 
only 2 atoms of alkali metal for tlie 3 atoms of silver which it 
yields to the phosphoric acid : SAglS’O, = Ag,PO* 

+ 2KN0,+ m«'0,. 

9. If a tolerably large amount of sodinm acetate is added 
to a solution containing phosphoric add and little or no free acid, 
and then a drop of feme chloride^ a yellowisli-white, floceu- 
lent, gelatinous precipitate of FBEEic phosphate, reP0^.2Ha0. is 
produced. An excess of ferric chloride must be avoided, as ferric 
acetate (of a red color) would thereby be formed, in which the 
precipitate is not insoluble. Tliis reaction is of importance, as 
it enables us to detect phosphoric acid in phosphates of the alkali- 
earth metals; but it can be held to be decisive, only if no arsenic 
acid is present, as this shows a very similar reaction. To eifect 
the complete separation of phosphoric acid from the alkali-earth 
metals, a sufficient quantity of ferric chloride is added to impart 
a reddish color to the solution, which is then boiled (whereby the 
whole of the iron is thrown down, partly as phosphate, partly as 
basic acetate), and filtered hot. The filtrate contains the alkali- 
earth metals as chlorides. In order to detect, by means of 
this reaction, phosphoric acid in presence of a large proportion 
of ferric salts, boil the hydrochloric acid solution ufith sodinm 
sulphite until the ferric chloride is reduced to ferrous chloride, 
as indicated by decoloration; add sodium carbonate until the 
fluid is neai’ly neutral, then sodium acetate, and finally one drop 
of ferric chloride. The reason for this proceeding is that fer- 
rous acetate does not dissolve ferric phosphate. 

10. If a few cubic centimeter: of the solution of ammonluin 
molybdaie in nitric acid (§ 55) are placed in a test-tube, and a 
little of a liquid containing phosphoric acid in neutral or acid 
solution is added, there is formed immediately or in a short time, 
even in the cold, if the amount of phosphoric acid is at all 
conriderable, a pulverulent, pale yellow precipitate of AMUomuM 
PH0SPH01C01.7BDATE, which gathers upon the sides and bottom 
of the test-tube. Wlien the phosphoric add is present in ex- 
ceedingly minute quantity, 0.00002 g, it is necessaiy to wait 
some hours and to apply a gentle heat, not to exceed 40°, 
before the precipitate appears. When other coloring matters 
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are not present, the li(inid above the precipitate is colorless after 
the complete separation of the precipitate. More of the solution 
to be tested for phosphoric acid than a third, at the most, of the 
molybdenum solution used should never be added, and a mere 
yellow coloration of the liquid should not be considered as a 
reaction for phosphoric acid. 

The yellow precipitate under consideration, ammonium phos- 
phomolybdate, contains moi.tbdio acid, ammonium, water, and 
a little PHOSPHOBio acid (3 per cent). Since it is insoluble in 
dilute acids, only in the presence of an excess of molybdic acid, 
it may not form at all if an excess of phosphoric acid is added, 
a fact which should be well heeded. Hydrochloric acid, if 
present in considerable amount, interferes with or prevents the 
reaction. It may be readily removed by evaporation with nitric 
acid. Certain organic substances also («.p., tartaric acid and 
reducing agents) exert a disturbing influence, and consequently 
are to be removed, when necessary, by fusion with sodium car- 
bonate and potassium nitrate. The precipitate is easily recog- 
nized, even in dark-colored liquids, after allowing it to settle. 
If the precipitate is washed with the molybdenum solution which 
serves to precipitate it, then dissolved in ammonia, and a 
mixture of magnesium sulphate, ammonium chloride, and am- 
monia is added, ammonium magnesium phosphate is obtained. 

If one operates in the manner given above, phosphoric add 
cannot be confused with any other acid; for arsenic acid gives 
no predpitate in the cold with the molydenum solution in ques- 
tion, although it gives one upon heating, and especially upon 
boiling (the fluid above this appears yellow for a considerable 
time); while silidc acid gives no reaction in the cold, although 
upon heating, it gives a strong yellow coloration but no pre- 
dpitate. 

11. If a findy powdered substance containing phosphoric add 
(or a metallic phoi^hide) is intimatdy mixed with 5 parts of a 
flux consisting of 3 parts of soHum oarhonate, 1 part of sodium 
niireste, and 1 part of szUoio acid, the mixture then fused in a plati- 
num spoon or crudble, the mass boiled with water, the solution 
obtained decanted, ammonium carbonate added to it, the fluid 
boiled again, and the silidc add which is thereby precipitated 
Altered off, the flltrate now holds in solution alkali phosphate, 
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and accordingly may be tested for pliosphoric acid as directed in 
7, 8, 9, or 10. 

12. On igniting and pulverizing a substance containing 
phosphoric acid, placing it into a tube of the thickness of a 
straw and sealed at one end, adding a fragment of magnesium 
wire about i mm long (or a small piece of sodinm\ which should 
be covered by the sample, and tlien heating, a vivid incandes- 
cence is observed, and magnesium (or sodium) phosphide is 
formed. When the black contents of the tube are crushed and 
moistened with water, they exliale the characteristic odor of 
hydrogen phosphide (W inkelblech, BrasEx). 

13. White of egg is not precipitated by solution of ortho- 
phosphoric acid, nor by solutions of ortliophosphates mixed with 
acetic acid. 

14. In relation to the microchemical detection of phosphoric 
acid, see Haushofeb, p. 108; Behkexs, Zeitschr. f. analyt. 
Ohem., 30^ 165. 

§ 173. 

Appendix. 

a, Pyroplmphorie acid^ H4PaOt. The solution of pyrophosphoric acid 
is converted by boiling into solution of orthopbosphorio acid. The solu- 
tions of the salts bear heating without suffering decomposition ; but upon 
boiling with a strong acid, the pyrophosphoric acid is converted into ortho- 
phosphorio acid. If the salts are fused with sodium carbonate m excess, 
orthophosphates are produced. Of the tetrametallic pyrophosphates, only 
those with alkali bases are soluble in water. The acid salts. e,g,^ HsNaaPaOT, 
are converted by ignition into metaphospbates, e.g.^ NaPO*. Barium 
iihloride fails to precipitate the free acid; but from solutions of the salts, it 
precipitates white babiuh pyrophosphate, BaiPgO?, solnble in hydro- 
chloric acid. SUver nitrate throws down from a solution of the acid, 
especially upon addition of an alkali, a white, earthy-looking precipitate of 
SILVER PYROPHOSPHATE, AgiPaO?. which is soluble in nitric acid and in 
ammonia. Magnesium sulphate precipitates magnesium ftrofhosphate, 
MgaPaO-. The precipitate dissolve in an excess of the pyrophosphate, as 
well as in an excess of magnesium sulphate. Ammonia fails to precipitate 
it from these solutions (difference from metaphosphorio acid). Upon 
boiling the solution, it separates again. A concentrated solution of luteo-^ 
oobaltic Moride, added to a not too dilute solution of an alkali pyrophos- 
phate, produces an immediate precipitation of pale reddish-yellow spanglee 
(difference from phosphoric and metaphosphoric acids, 0. D. Braun). 
White of egg is not precipitated by solutions of the acid, nor by solutions 
of the salts mixed with acetic acid. Ammonium Tnolybdatey with addition 
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of nitric aoid, f&ils to produce a precipitate at first, but afterwards yellow 
ammonium phosphomolybdate separates to the extent to which pyrophos- 
phoric acid is converted into orthophosphoric acid. 

6. Metaphosphoric acid. Five sorts of metaphosphates are known at 
present, and the acids, also, corresponding to most of these have been pre- 
pared. The several reactions by which these may be distinguished will 
not be entered upon here, but mention should be made of the fact that the 
metaphosphoric acids differ from the pyro- and orthophosphoric acids in 
this, that the solutions of the metaphosphoric acids, and the solutions of 
their salts after addition of acetic acid, precipitate white of egg at once. 
Those acids and salts which are precipitated by stiver nitrede produce with 
that reagent a white precipitate. Magnesium sul/phcde produces no pre- 
cipitate, but one forms when ammonia is also added, which dissolves m 
much ammonium chloride. All metaphosphates yield sodium orthophos- 
phate upon fusion with sodium carbonate. 


§ 174 . 

4 Boric Aom, H.BCv {Boric AnhydHds^ B.O,.) 

1. Boeio anhydride forms a colorless, fixed glass, which is 
fusible at a red heat. -The hydrate, HBO, [metaboric acid], 
forms a porous, white mass. The compound HB0,.I[,0 [or 
H,BO,, orthoboric acid], crystallizes in scale-like plates. Boric 
acid is soluble in water and in alcohol, and upon evaporating the 
solutions, a large portion of it volatilizes along with the aqueous 
and alcoholic vapors. The solutions redden litmus-paper, and 
impart to turmeric-paper a faint brown-red tint, which acquires 
intensity upon drying. The borates are not decomposed upon 
ignition ; and only those with alkali bases are readily soluble in 
water. The solutions of borates of the alkali metals are color- 
less, and all, even those of the acid salts, manifest an alkaline 
reaction. 

2. In solutions of alkali-metal borates, if not too highly 
dilute, hosrivm chloride produces white precipitates of BAEtiuM 
BORATE, which are soluble in acids and ammonium salts. The 
formula for the precipitate when produced from solutions of 
normal borates is Ba(B0j,),.2H,0, and from solutions of acid 
borates it is Ba,B,,0„.6B[„0 (H. Eose). 

3. Siher mtrate^ when mixed with concentrated solutions 
of normal alkali-metal borates, gives a white precipitate, colored 
somewhat yellowish from free silver oxide, of 2AgB0a.H,0; 
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wliile from concentrated solutions of alkali-metd acid borates, it 
throws down white Ag,B,0„. Dilute solutions of alkali-metal 
borates give with silver nitrate a brown precipitate of silver oxide 
(H. Sosb). All these precipitates dissolve in nitric acid and in 
ammonia. 

4. If dilute ml^hv/no acid or hydrooMoric aeid is added to 
highl;)^ concentrated, hot solutions of alkali borates, (obtho)bobio 
ACin separates upon cooling, in the form of shining, crystalline 
scales. 

5. If a solution of boric acid, or of a borate of an alkali 
metal or of an alkali-earth metal, is mixed mth h^’drochloric 
add to slight, but distinct, acid reaction, and a slip of turmene- 
pccper is half dipped into it, and then dried on a watch-glass at 
100°, the dipped half shows a peculiar beu> tint (H. liosBi. 

This reaction is very delicate. Care must be taken not to 
confound the characteristic red coloration with the blackish- 
brown color which turmeric-paper acquires when moistened 
with rather concentrated hydrochloric acid and then dried, nor 
with the brownish-red coloration which ferric chloride, or a 
hydrochloric add solution of ammonium molybdate or of zir- 
conia gives to turmeric-paper, more particularly upon drying. 
By moistening turmeric-paper, reddened by boric acid, with a 
solution of an odhM or an alkoM earhonaie, the color is changed 
to bluish-black or greenish-black; but a little hydrochloric acid 
will at once restore the brownish-red color (A. Voobl, H. 
Ludwig). 

6. If alcohol is poured over free boric acid or a borate — 
with addition, in the latter case, of concentrated sulphuric acid 
to liberate the boric acid, — and the alcohol is kindled, the flame 
appears of a very distinct tellowibh-gbeen color, especially 
upon stirring the mixture. This tint is imparted to the flame by 
the boric add separated from the boric ether which volatilizes 
with the alcohol. The delicacy of this reaction may be consid- 
erably hdghtened by heating the dish which contains the alco- 
holic mixture, Irindling the alcohol, allowing it to bum for a 
short time, then blowing out the flame, and afterwards rekin- 
dling it. At the first flickering of the flame, its borders will now 
appear green, even though the quantity of the boric add be so 
minute that it fails to produce a perceptible coloring of the 
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'flame when treated in the nsnal manner. Concmtrated svl~ 
ph uric add in not too smaU amount should he used. Ab salts of 
copper likewise impart a green tint to the flame of alcohol, any 
copper which may be present must first be removed by moans 
of hydrogen sulphide. Presence of metallic chlorides may also 
lead to mistakes, as the ethyl chloride formed in that case color’s 
the borders of the flame bluish-green. 

7. For the following very characteristic reaction for boric 
acid, a short, wide test-tube is required, which is provided with 
a doubly perforated stopper : Into the two holes, glass tubes 
bent at right angles are inserted, one of which reaches almost to 
the bottom of the test-tube, while the end of the other is just 
below the stopper. The limb of the latter tube, projecting 
about 5 cm, is contracted at the end to about 1 mm. If a small 
amount of a substance containing boric acid is placed in the test- 
tube, a little concentrated sulphuric acid added, and, after 
cooling, some methyl alcohol is gradually added, then pure hy- 
drogen is conducted through the small apparatus, and this is 
kindled when the atmospheric air has been expelled, it burns 
green on account of containing methyl boric ether, B(OOII,), , 
and the flame gives the characteristic boric acid spectrum, 
when it is examined with the spectroscope (see 10, Bosbn- 
siadt). If the escaping gas is led through a little potassium 
Lydroxide free from silicic acid, this is treated in a platinum 
dish witli hydrofluoric add, and evaporated to dryness on the 
water-bath, potassium borofluoride, KF.BF,, is formed, which 
remains undissolved upon treating the residue witli 1 part of 
potassium acetate in 4 parts of water. 

8. If a substance containing boric acid, reduced to a fine 
powder, is mixed, with addition of a drop of water, with 3 parts 
of a flux composed of 4^ parts of potassium disu^hate and 1 
part of finely pulverized calomm fiuoride, free from boric add, 
and the paste is exposed on the loop of a platinum wire in the 
outer mantle of the Bunsen gas flame, or at the apex of the inner 
-flame of the blowpipe, boron fluoride, BF,, escapes, which 
imparts a green tint to the flame, though only for an instant 
(Tubneb). With readily decomposed compounds, the reaction 
may be obtained by simply moistening the sample with hydro- 
fluosUidc add, and holding it in the flame. The delicacy of the 
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test may be increased by mixing the substance intimately with 
silicic acid and fluor-spar, and heating it with concentrated sul- 
phuric acid in a test-tube, with the addition of a fragment of 
marble, and conducting the escaping gases by means of a glasa 
tube bent at a light angle and provided with a platinum blow- 
pipe tip, into a non-luminous Bunsen flame (I\aadieker). 

9. If a dry substance containing boric acid is heated with a 
half or an equal volume of aynmoniuni silicojluoynde^ in a glass 
tube closed at one end, at last to redness, a sublimate of ammo- 
nium BOEOFLUORIDE is obtained, which, when brought into a 
colorless flame, colors the latter green, and when dissolved iu 
water gives the reaction, with turmeric-paper, mentioned in 5. 
If the substance to be tested contains a free acid, this is to ba 
slightly more than neutralized with sodium carbonate (Stolba). 

10. When placed in the flame of the 8})€€irvm aj^jyapaUis^ 
boric acid or borates, fused with sodium carbonate on the loop 
of a platinum wire, give (even with very small amounts of borie 
acid) a spectrum of four well-marked lines of equal width, equidis- 
tant from each other. Bj is brilliant yellowish-green (coinciding 
with Ba Y ) ; B, is brilliant light green (coinciding with Ba /5) ; JU 
is pale bluish-green (nearly coinciding with the blue barium line) ; 

is blue, very pale, close to Sr d (Simmler). Also, if a finely 
pulverized substance containing boric acid is rubbed up witli 
glycerine to a thickish paste, and is brought into the fiame of a 
Bunsen burner ^vith the loop of a platinum wire, a green flame 
is obtained which is very well adapted for spectroscopic testing* 
(M. W. Iles). 

11. In relation to the microdiemical detection of boric acid, 
see Baushofer, p. 30; Behrens, Zeitschr. f. analyt Chem., 30) 
159. 


§1T5. 
a Oxalic Acid, 

1. Oxalic acid is a white powder, while the crystallized 
A om, 0,11,0^ + 2B[,0, forms colorless, rhombic prisms. Both dis- 
solve readily in water and in alcohol. By heating rapidly in open 


* To be obtained by carefully neutralizing bydn)fliiosilicic acid with 
ammonia, and evaporuting the nitrate in a platinum dish. 
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vessels, part of the acid undergoes decomposition, while another 
portion volatilizes unaltered. The fumes are very irritating, and 
provoke coughing. If the acid is heated in a test-tube, some of 
it sublimes unaltered. 

2. The OXALATES all undergo decomposition at a red heat, 
the acid decomposing into carbon monoxide and carbon dioxide. 
The oxalates of the dkali metals, and of barium, strontium, and 
calcium, are converted into carbonates in this process (if pure, 
and if the heating takes place slowly, almost witliout separation 
of charcoal). Magnesium oxalate is converted into magnesia 
even by a very gentle red heat. The other metallic oxalates 
leave either the pure metal or an oxide behind, according to the 
reducibiUty of the metallic oxide. The alkali-metal oxalates and 
some others are soluble in water. 

3. Barium cldoi'ide produces in neutral solutions of alkali 
oxalates, a white precipitate of BAaruM oxalate, BaC,0,.H,0, 
which dissolves very sparingly in water, more readily in water 
containing ammonium chloride, acetic acid, or oxalic acid, and 
freely in nitric acid and in hydrochloric acid. Ammonia precipi- 
tates it unaltered from the latter solutions. 

4. ^J/oer nitrate produces in aqueous solutions of oxalic acid 
and of alkali oxalates, a white precipitate of silvbe oxalate, 
AgjCjOij which is very slightly soluble in water, difScuItly 
soluble in dilute nitric acid, and readily soluble in concentrated, 
hot nitric acid and also in ammonia. 

5. Zime-wa^r and all the soluble eak/ium ecMe, including 
sohitim of calcium sulpKcOe, produce in even highly dilute 
a<]ueous solutions of oxalic acid, or of oxalates of the alkalies, 
white, JGnely pulverulent precipitates of oaloium oxalate, 
CaOaO*.H,0, and sometimes 0a0,0,.3H,0, which dissolve 
readily in hydrochloric acid and in nitric acid, but are nearly 
insoluble in oxalic acid and in acetic acid, and practically insoluble 
in water. The presence of ammonium salts does not interfere in 
any way with the formatiou of these precipitates. Addition of 
Ammonia considerably promotes the precipitation of free oxalic 
add by calcium salts. In KighJ/y dilute solutions, the precipitate 
is formed only after some time, but more quickly by heating. 

6. If oxalic add or an oxalate, in the dry state, is heated 
with an excess of concentrated sad^hwric add, &e latter removes 
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the water necessary for the existence of the oxalic acid, and it is 
decomposed into carbon monoxide and carbon dioxide, the two 
gases escaping with effervescence : H,C,0^ = CO CO, + H,0. 
If the quantity operated upon is not too minute, the carbon 
monoxide may be kindled, and burns with a blue flame. Should 
tlie sulphuric acid acquire a dark color in the reaction, this is a 
proof that the oxalic acid contained some organic substance as 
an admixture. 

7. If oxalic acid or an oxalate is mixed with finely pulveiized 
manganese dioxide (which must be free from carbonates), and 
a little water and a few drops of sulphuric acid are added, a lively 
effervescence ensues, caused by escaping carbon dioxide: H,C,0^ 
+ MnO, + HaSO^ = 2CO, + 2HaO -|- ilnSO^. Free oxalic 
acid gives this reaction without the addition of sulphuric acid, 
but with less delicacy. 

8. If a small quantity of a solution of oxalic acid is added 
to a solution oi ferrous phosphate in phosphoric acid^ the liquid 
assumes a dark wine-yellow coloration. Tlie delicacy of the 
reaction is heightened by gentle warming (Gunn). 

9. If oxalates of alkali-earth metals are boiled with a con- 
centrated solution of sodium can^bonate^ and filtered, sodium 
oxalate is obtained in the filtrate, while the precipitate contains 
the base as carbonate. With oxalates of heavy metals, this 
operation is not always sure to attain the desired object, as many 
of these oxalates (^.^., nickel oxalate) will partially dissolve in 
the alkaline fluid, with formation of double salts. Metals of 
this kind should therefore be separated as sulphides. 

10. In relation to the detection of oxalic acid or calcium 
oxalate by means of the microscope, compare 0. Bisohoff, 
Zeitschr. f. analyt. Ohem., 22, 633; BLaushofer, p. 81. 

§ 176 . 

d . Htdrofluobio Aon); HP. 

1. Anhydrous htdeofluorio acid is a colorless, corrosive 
liquid, which fumes in the air, boils at 19 .4®, and is readily dis- 
solved by water. Aqueous hydrofluoric axdd is distinguished 
from all other acids by the property of dissolving silicic oxide, 
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and also of dissolving or decomposing the silicates ■which are- 
insoluble in hydrochloric acid. Hydrofluosilieic acid and water 
are formed in the process of dissolving silicic acid : SiO, + 6HP 
= H,SiF, + 2H:,0. With metallic oxides and hydroxides, hydro- 
fluoric acid forms metallic fluorides and water. 

2. The normal futoeides of the alkali metals are soluble in. 
water (lithium fluoride is very difficultly soluble), and the solutions 
have an alkaline reaction. The fluorides of the alkali-earth metals 
are either insoluble or very difficultly soluble in water. Aluncdn- 
i'um fluoride is not soluble. Many of the fluorides of the heavy 
metals are very sparingly soluble in water, as the fluorides of 
copper, lead, and zinc, while others dissolve in water without 
difficulty, as nickelous and cobaltous fluorides, silver fluoride, 
iintimony fluoride, and stannous fluoride. Many of the fluorides 
insoluble or difficultly soluble in water dissolve in hydrofluoric 
acid, while others do not. Most of the normal fluorides bear 
ignition in a crucible without sufiering decomposition. 

3. Ba/rvum chloride precipitates aqueous solutions of hydro- 
fluoric acid, but much more completely solutions of fluorides 
of the ftHrali metals. The bulky, white precipitate of babium 
FLUoumB, BaF, , is almost absolutely insoluble in water, but dis- 
solves in large quantities of hydrochloric acid or nitric acid, from 
which solutions, ammonia fails to precipitate it, or 'throws it 
down only very incompletely, owing to the dissolving action of 
the ammonium salts. 

4. Coddum chloride produces in aqueous solutions of hydro- 
fluoric acid or of fluorides, a gelatinous precipitate of oaloitjm 
FLUORIDE, CaF,, which is so transparent as at first to induce 
the belief that the fluid has remained perfectly dear. Addition 
of ammonia promotes the complete separation of the precipitate. 
The latter is practically insoluble in water, and only very 
slightly soluble in hydrochloric acid and nitric acid in the cold ; 
but it dissolves somewhat more readily upon boiling -with hydro- 
chloric acid. Ammonia produces no precipitate in the solution, 
or only a very trifling one, as the ammonium salt formed retains 
it in solution. Oaldum fluoride is scarcely more soluble in 
hydrofluoric add than in water. It is insoluble in alkaline 
fluids. 

5. If a finely pulverized fluoride, whether soluble or insol- 
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uble in water, is treated in a platinum crucible witli Jur^t 
enough concentrated sulphuric acid to make it into a thin paste 
(not with more), the crucible covered with the convex face of a 
watch-glass of hard glass coated with beeswax in which lines 
have been traced with a pointed piece of 'wood, the hollow^ of the 
glass filled with water, and the crucible gently heated for the 
space of half an hour or an hour, the exposed lines, upon the 
removal of the wax, will be found more or less deeply etched 
into the glass. (The coating is made by heating the glass 
cautiously, putting a small piece of wax upon the convex face, 
and spreading the wax equally as it melts. It is removed 
by heating the glass gently, and wiping with a cloth.) If the 
quantity of hydrofiuoric acid disengaged by the sulphuric acid 
was very minute, the etching is often invisible upon the removal 
of the wax ; but in such cases, it will api)ear when the glass 
is breathed upon. This appearance of the etched lines is 
owing to the unequal capacity of condensing water which the 
etched and the untouched parts of the plate respectively possess. 
The impressions which thus appear upon breathing on the glass 
may, however, owe their origin to other causes; therefore, 
though their non-appearance may be held as a proof of the 
absence of fiuorine, their appearance is not a positive proof of 
the presence of that element. At all events, they ought to be con- 
sidered of value only where they can be developed again after tlie 
glass has been properly washed ^vith water, dried, and wiped.* 

This reaction fails if there is too much silicic oxide present, 
or if the substance is not decomposed by sulphuric acid. In 
such cases, one of the two following methods is resorted to, ac- 
cording to circumstances: 

6. If a substance containing fluorine, which is decomposable 
by concentrated sulphuric acid^ is heated in a finely pulverized 


* J. NiCKliB states that etchings on glass may he obtained with all kinds 
of sulphuric acid, and, in fact, with all acids suited to effect evolution of 
hydrofluoric acid. 1 have tried watch-glasses of Bohemian glass with sul- 
phuric and other acids, but could get no etchings in confirmation of this 
statement. Still, proper caution demands that before using the <^ulphuric acid, 
it should first be positively ascertained that its fumes will not etch glass 
Should the sulphuric acid contain hydrofluoric acid, the latter may be easily 
removed by diluting with an equal volume of water, and evaporating in a 
platinum dish to the original strength. 
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condition with that add (directly in case it is rich in silicic add, 
bnt with the addition of finely divided sUdeio <Mdde if it contains 
little or none of the latter substance), silicon fluosidb oas is 
evolved, which forms thick, white fames in moist air, and sepa- 
rates silidc acid when bronght in contact with water or ammo- 
nia. If the gas is led into water through a bent tube moistened 
inside, the latter at once has its transparency impaired, owing 
to the separation of silidc add. If the quantity operated upon 
is rather considerable, silicic add separates in the water, and the 
fluid is rendered acid by hydrofluosilidc acid (compare § 32). 
This process is best applied for the detection of small quantities 
of fluorine as follows: Heat the substance with concentrated 
sulphuric acid to about 160° in a small flask closed with a cork 
with doable perforation, bearing two tubes, one of which reaches 
to the bottom, of the flask, while the other terminates immedi- 
ately under the cork. Conduct through the longer tube a slow 
stream of diy air into the flask, and conduct this, upon its issu- 
ing through the other tube, into a small H-shaped tube enlarged 
to a small bulb at the bend and containmg a few drops of water. 
The other end of the TT-tube is connected with an aspirator. The 
silicon fluoride which escapes with the air gives a separation of 
silicic add where it comes in contact with the water; and witli 
the described arrangement of the apparatus, even very cmdl 
amounts may be distinctly recognized. Por more difficultly 
decomposable substances, potassium disulphate is used instead of 
sulphuric add, and the mixture, to which some marble is added 
(to insure a continuous slight evolution of gas), is heated to 
fusion, and kept in that state for some time in a tube of diffi- 
cultly fusible glass, which is closed at one end, and provided 
with a gas deliveiy-tube at the other end. The silicon fluoride 
evolved in the first operation described above may also be con- 
ducted in a very alow stream into a test-tube which contains 
about .3 g of aniline dissolved in 16 cc of ether and 16 cc of 
alcohol. If fluorine is present, there is formed a white, glisten- 
ing sediment of aniline silicofluoride. If this ig suspended in 
the liquid, and a few drops of a moderately concentrated solu- 
tion of sodium hydroxide in absolute alcohol are added, sodium 
silicofluoride gradually settles to the bottom of the tube (W. 
Knop). 
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7. If silicates wlii(^ are not decomposable bj snlpbnrie 
acid are to be tested for fluorine, it is flrst necessary to deeom> 
pose them. This is accomplished by fnsing them with 4 parts 
of sodium and potassium carbonates. The m as s is then extracted 
with water, the liquid is Altered, concentrated by erapora- 
iion, cooled, transferred to a platinum vessel, hydrochloric 
acid added to feebly acid reaction, and the fluid allowed to 
stand until the carbon dioxide has escaped. It is then super- 
saturated with ammonia, heated. Altered into a bottle, calcium 
chloride added to the still hot fluid, the bottle is closed, and 
allowed to stand. If a precipitate separates after some rime, it 
is collected on a filter, dried, and examined by the method de- 
scribed in 5 or 6 (H. Boss). The foregoing method may be 
also used for other substances containing fluorides phos- 
phates containing calcium fluoride), if silica is added to them; 
but without this addition, calcium fluoride is only very incom- 
pletely decomposed by fusion with alkali carbonates. 

8. Minute quantities of fluorides in minerals, slags, etc., 

may also be readily detected by means of the Uowpij^. Bend 
a piece of platinum foil, and in- 
sert it in a glass tube, as shown 
in Fig. 43 ; introduce the finely 
triturated substance mixed with 
B Afli Tun metaphosphate which has been fused upon charcoal and 
powdered, and let the blowpipe flame play upon it so that the 
products of combustion may pass into the tube. A fluoride 
treated in this way yields hydrofluoric acid gas, which betrays 
its presence by its pungent odor, the dimming of the glass tube 
(which becomes perceptible only after cleaning and drying), and 
the yellow tint which the acid air issuing from the tube imparts 
to a moist strip of Brazil-wood paper * (Bebzeuus, Siuthsok). 
When containing metallic fluorides are treated in this 

manner, gaseous eilieon fluoride is formed, which also colors 
yellow a moist strip of Bnudl-wood paper inserted in the tube, 
and causes rilidc add to be depodted within the tube. After 
washing and drying the tube, it appears here and there dimmed. 
A "wm-ll quantity of a fluoride present in a mineral containing 

* Piepsred by stripe of fine printing-pi^ with a decoodon ot 

SnzQ'Wood. 
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water may generally lje detected by beating the substance by 
itbclf ill a glass tube sealed at one end, and inserting a slip of 
Brazil-wood paper in the tube ; luider these circumstances, the 
paper will usually turn yellow (Berzelius). 

9. Concerning the microchemical detection of fluorine, see 
llArsuuFEB, p. 50; Behrens, Zeitschr. f. analyt. Chem., 
30, 17 l>. 


§177. 

Re^ajntnlation and ItemarTcB , — The barium compounds of 
the acids of the third division of the first group are dis- 
solved by liytlrocliloric acid, apparently without decomposition ; 
and alkalies tlierefore reprecipitate them unaltered by neutralizing 
the hytlrocliluric acid. The barium compounds of the acids of 
the first division show, however, the same deportment; and these 
ucidb, therefore* if pixveiit, must be removed before any conclu- 
sion regarding the presence of phosphoric acid, boric acid, oxalic 
acid, or liy<lrofluoric acid, can be drawn from the reprecipita- 
tioii of a barium salt by alkalies. But leaving thia point 
out of the question, no great value ib to be placed on this 
reaction, not even bo far as the simple detection of these acids is 
concenied, and far less as regards their separation from 
other acids, since animoniu fails to reprecipitate from hydro- 
chloric acid s^Hutions their barium salts (more particulaidy 
barium liorate and barium fluoride), if the solution contains 
any considerable proportion of free acid or of an ammonium 

salt. Bone and is verv well characterized bv the eolor- 

* 

ation wliicli it imparts, either directly, or as boron fluoride 
or Ihiric ether to the alcohol flame, the hydrogen flame, or 
the noii-lumiihius jpos flame, and also by its action on tnrmeric- 
pajw. The latter reaction is more particularly suited for the 
detection of very minute traces. It is to be observed, however, 
that this reaction does not take place in the presence of nitrous 
acid. If o.vides of the heavy metals are present, either a subli- 
mate of animoninin borofluoride is first obtained according to 
§ 174, 9, or the metals interfering with the reaction are first 
removed by hydrogen sulphide or ammonium sulphide. Before- 
proceeding to concentrate dilute solutions of boric acid, the latter 
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must be combined with an alkali, otherwise a large portion of 
the boric acid will volatilize with the aqueous vapors. Small 
quantities of boric acid may also be safely and easily detected 
by the spectroscope. 

The detection of plwsphoric acid in compounds soluble in 
water is not difficult, the reaction with magnesium sulphate, 
etc., being well adapted for the purpose. The detection of phos- 
phoric acid in compounds insoluble in water caunot be effected 
by means of magnesium solution. Ferric chloride 172, 9) is 
well suited for the detection of phosphoric acid in its salts with 
the alkali-earth metals, and more particularly for the separation 
of the acid from these metals. The nitric acid solution of am- 
monium molybdate is more especially adapted to effect tlie detec- 
tion of phosphoric acid in presence of aluminium and iron, and in 
general for the detection of small amounts of phosphoric acid. 
It must be again stated that both these reactions demand the 
strictest attention to the directions given. If present in com- 
bination with oxides of the fourth, fifth, or sixth group, phos- 
phoric acid may be separated by the method given § 172, 11, 
•or it may be simply isolated or combined with ammonium by 
precipitating the bases with hydrogen sulphide or ammonium 
sulphide. 

Oxalic Ojcid may always be easily detected in aqueous solu- 
tions of oxalates of the alkalies by solution of calcium sulphate. 
The formation of a finely pulverulent precipitate, insoluble in 
acetic acid , leaves hardly a doubt as to its presence, as racemic acid, 
which occurs very rarely, alone gives the same reaction. In 
case of doubt, the calcium oxalate may be readily distinguished 
from the racemate, by simple ignition with exclusion of air, as 
the decomposed racemate leaves a considerable proportion of 
charcoal b^nd, and, moreover, the racemate dissolves in cold 
solution of potassium or sodium hydroxide, in which calcium 
oxalate is insoluble. The deportment of the oxalates with sul- 
phuric acid, or with manganese dioxide and sulphuric add. 
also affords sufficient means to confirm the results of other tests. 
In insoluble salts, the oxalic acid is detected most safely by 
'decomposing them by boiling with solution of sodium carbonate, 
or by hydrogen sulphide or ammonium sulphide (§ 175, 9). 
Attention should also be called here to the fact that there are 
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certain soluble oxalates which are not precipitated by calcium 
salts, more particularly chromic and ferric oxalates. Their non- 
precipitation is due to the fact that these salts form soluble 
double salts with calcium oxalate. 

Sydrofluorio acid is readily detected in salts decomposable 
by sulphuric acid; only it must be borne in mind that too 
large a proportion of sulphuric acid impedes the free evolution of 
hydrofluoric gas, and thus impairs the delicacy of the reaction \ 
also that the glass cannot be distinctly etched if, instead of hydro- 
fluoric acid, silicon fluoride alone is evolved. Therefore, in 
the case of compounds abounding in silica, the safer way is to 
try, besides, the reaction given in § 17 6, 6, as well as the one given 
in 6. In silicates which are not decomposed by sulphuric acid, 
the presence of fluorine is often overlooked, because the analyst 
omits to examine the compound carefully by the method given 
in § 176, 7. 


§ 178 . 

Phosphoeotts Aoin, H,PO,. {Phosphorous Anhyd/ride^ P,0,.]^ 

Phosphorous oxtoe, PaO*, is a white powder, which admits of sublima- 
tion, and burns when heated in the air. With a small proportion of water, 
it forms a thioMah fluid, which by long standing yields crystals. Heat 
decomposes phosphorous acid into phosphoric acid and hydrogen phos- 
phide gas which does not take fire spontaneously. It dissolves freely in 
water, and is poisonous- Of the salts, those with alkali bases are readily 
soluble in water, all the others being sparingly soluble, and dissolving in 
dilute acids. All the salts are decomposed by ignition into phosphates, 
which are left behind, and hydrogen, or a mixture of hydrogen and 
hydrogen phosphide, which escapes. With silver nitrate, separation of 
metallic silver takes place, more especially upon addition of ammonia and 
application of heat ; and with mercurous nitrate^ under the same ciroum- 
fltanoes, there is a separation of metallic mercury. From mercuric chloride 
in excess, phosphorous acid throws down mercurous chloride after some 
time, but more rapidly upon heating. Barium chloride and codcium chloride 
produce in not too dilute solutions of phosphorous acid, upon addition of 
ammonia, white precipitates soluble in acetic acid, A mixture of magne- 
sium sulphate, ammonium chloride, and ammonia, precipitates only rather 
concentrated solutions. Lead acetate throws down white lead phosphite, 
insoluble in acetic acid. By heating to boiling with sulphurous add in. 
excess, phosphoric acid is formed, attended by separation of sulphur.. 
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In contact with zim and dilute sulphuric add^ phosphorons acid gives a 
mixture of hydrogen with hydrogen phosphide, which accordingly fumes 
in the air, bums with an emerald-green color, and precipitates silver and 
silver phosphide from solution of silver nitrate. Nitric acid interferes 
with the formation of hydrogen phosphide. If this is present only in small 
quantity, a little ferrous chlonde is first added, and finally, after some 
time, the zinc is added. The gas containing hydrogen phosphide may be 
allowed to act upon pure filter-paper soaked with silver nitrate solution, or 
upon parchment-paper moistened with this solution, instead of using the 
silver nitrate solution directly (H. Eager). If the amount of pho>]iliuroiLs 
acid is minute, the silver paper is blackened only after some ho .in It 
should be remembered that blackening of the paper is also cau&ed by 
hydrogen sulphide and hydrogen arsenide. 


Fowrth Dwision of the First Qrcmp of Inorgcmic Adds. 

§ 179. 

a. Oaebonio Aoii), H,00,. {Ca/^on Dioxide, CO,.) 

1. Oabboit is a solid, tasteless, and odorless body, and only the 
very highest degrees of heat can effect its fusion and volatiliza- 
tion (Despbetz). All carbon is combustible, and yields carbon 
dioxide when burnt with a sufficient supply of oxygen or atmos- 
pheric air- In the diamond, carbon is crystallized, transparent, 
pellucid, exceedingly hard, difficultly combustible; while in the 
form of graphite, it is opaque, grayish-black, soft, greasy to the 
touch, difficultly combustible, and stains the fingers ; and as char- 
coal, produced by the decomposition of organic matter, it is 
black, opaque, non-crystaHine, sometimes dense, shining, and 
difficultly combustible, but often porous, dull, and readily com- 
bustible. 

2. Cabbon dioxtoe, oasbonio aehtdbide, or casbonio 
Aom, CO,, at the common temperature and common atmos- 
pheric pressure, is a colorless gas of far higher specific gravit}’ 
than atmospheric air, so that it may be poured from one vessel 
into another. It has a faint odor, a sourish taste, and reddens 
moist litmus-paper; but the red tint disappears again upon 
drying. Car^n dioxide is readily absorbed by solution of 
potassium hydroxide, forming a carbonate; and it dissolves 
rather copiously in water. 
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3. The AQUEOUS solution op carbonic acid has a feebly acid 
and pungent taste. It transiently imparts a red tint to litmus- 
paper, and colors solution of litmus wine-red ; but it loses carbon 
dioxide when shaken with air in a half-filled bottle, and more 
completely still upon application of heat. Some of the carbo- 
nates lose carbon dioxide by ignition ; and all of them are white or 
colorless in cases where their metals usually give colorless salts. 
Of the normal carbonates, only those with alkali bases are soluble 
in water. The solutions manifest a very strong alkaline reaction. 
The acid carbonates of the alkali and alkali- earth metals as well 
as those of some other metals dissolve in water. 

4r. The carbonates are decomposed by all free aoida soluble in 
water, with the exception of hydrocyanic acid. Most of them 
are decomposed by acids even in the cold, but several (magnesite, 
for instance) require heat. The decomposition is attended with 
EFFERVESCENCE, carbon dioxide being disengaged as a colorless 
and scarcely odorous gas, which transiently imparts a reddish 
tint to moist litmus-paper. It is necessary to apply the decom- 
posing acid in excess, especially when operating upon carbonates 
with alkali bases, since the formation of acid carbonates will 
frequently prevent effervescence if too little of the decomposing 
acid is added. Stibstances which it is intended to test for car- 
bonic acid la this way should first be heated with a little water, 
to prevent any mistake which might arise from the escape of 
;air bubbles upon treating the dry substances with the acid. 
Where there is reason to apprehend loss of carbonic acid upon 
boiling with water, lime-water should be used instead of pure 
water. If it is wished to prove that the escaping gas is really 
•carbon dioxide, pass it into lime-water or baryta-water, or 
•dip a glass rod in baryta- water and hold it inside the test-tube 
near the fluid. If the gas is carbon dioxide, the lime- or 
barytar-water becomes turbid (see 6).* 

6. Solutions of calcium cmd ha/n/mn hyd/romdec (lime- and 
baryta-water) brought into contact with carbonic acid, or with 
'Soluble carbonates, produce white precipitates of normal oaloidm 


* The delicacy of the reaction maybe increased by the use of the apparatus 
described by O. Rosslbr (Ber. der. deutsch. chem. Gtesellsch., 1887, p. 2680). 
although I prefer to use the apparatus described in 5 when it is desired to de- 
tect very small amounts of carbonic acfd. 
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OABBONATE, OaCO, , OT BABicji cABBOJTATE, BaCO,. In testing 
for free carbonic acid, tbe reagents ought always to be added in 
ezcess, as tbe add carbonates uf the alkali earths are soluble in 
■water. The predpitates when separated from the liquids dissolve 
in acids ■with effervescence, and the resulting solutions, after the 
complete expulsion of the carbon dioxide by boiling, give no 
predpitates ■with ammonia. For the detection of exceedingly 
minute traces of carbouic acid, the apparatus shown in Fig, 44 is 
recommended, which scarcely needs a detailed description. The 



tube a contains soda-lime. The substance to be tested is placed 
in rather large amount in i, together ■with a little water, while 
e is ernpl^ at first. By suction applied at d by means of a jet- 
pump or an aspirator, the apparatus is now filled with air free 
from carbonic add, then a little lime-water or baryta- water is 
placed in o, and a little hydrochloric acid is allowed to flow in 
through the fuimel-tube, while a slow current of air freed from 
carbonic add is allowed to flow through the apparatus, and S is 
gently warmed. Since lime-water dissolves a very small amount 
of caldum carbonate, it is advisable to saturate this by long 
digestion there^with (W blteb, BsnrHOLLBr). 

6. In solutions of normal alkali carbonates, caleium cMoride 
and iarvum c^ioride immediately produce predpitates of oau- 
ornv cABBOiNATB or of BABiTTK OABBONATE; but in dilute solu- 
tions of add carbonates, these predpitates are formed only upon 
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ebullition ; while with aqueous carbonic acid, these reagents give 
no precipitate. 

7. In aqueous solutions of normal and acid carbonates of 
the alkalies and alkali-eartlis, even when very dilute, an aqueous 
solution of lead chloride produces a milky, white precipitate 
of LEAD CARBONATE (H. Sohtjlze). Free carbonic acid does not 
interfere with nor prevent the reaction. Acetic acid dissolves 
the precipitate (difference from lead sulphate). 

8. For the detection of free carbonic acid in the presence of 
acid carbonates, a solution of 1 part of rosolic acid in 600 parts 
of 80 per cent alcohol, which has been treated with barium hy- 
droxide solution until it begins to show a red coloration, may 
be used. For example, in testing a well-water, if there is added 
about .5 cc of the rosolic acid solution to 50 cc of the water, 
there is obtained, if the water contains free carbonic acid, a 
colorless, or at the most a faint yellowish, liquid ; but if it con- 
tains no free carbonic acid, but only acid carbonates, the liquid 
becomes red (M. v. Pbttenxofeb). 

9. The detection of free carbonic acid, or that which is com- 
bined with normal carbonates to form acid carbonates, in the 
presence of normal carbonates, may be accomplished by use of 
the fact that Nbsslbe’s ammonia reaction (§ 97) does not take 
place when free carbonic acid or acid carbonates are present 
(compare Salzbe, Zeitschr. f. analyt. Ohem., 20 , 227.) 

10. In relation to the microchemical detection of carbonic 
acid, see Hatishofee, p. 66; Behrens, Zeitschr. f. analyt. 
Chem., 30i 158. 

§180. 

b. Silicic Acid, H^SiO^, Hj,SiO, , etc. {Anki/dride, SiO,.) 

1. Silicic oxide or silioa is colorless or white, and in the com- 
mon blowpipe flame it is unalterable and infusible. It fuses in 
the flame of the oxyhydrogen blowpipe, and is volatile at a very 
high temperature (E. Cramer, H. Moissan), It is met with in 
both the crystalline and amorphous states. It is insoluble in water 
and acids (with the exception of hydrofluoric acid, which dis-- 
solves the amorphous variety easily, but the crystalline varieties 
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■vrith more difficnltj). Hydrated silicic acid dissolves in acids, 
but only at the moment of its liberation. Amorphous silicic 
oxide and hydrated silicic acid dissolve in hot, aqueous solutions 
of potassium and sodium hydroxides and their carbonates ; but 
crystallized silica is insoluble or nearly so in these liquids. If 
any one of them is fused with excess of a caustic alkali or alkali 
carbonate, a basic alkali silicate is obtained, which is soluble in 
water. Aqueous ammonia dissolves gelatinous silicic acid rather 
readily, the dry hydrate or the amorphous anhydride more 
difficultly, and crystallized silica very little. The siucates 
with alkali bases are the only ones soluble in water. 

2. The solutions of the alkali silicates are decomposed by 
all addi. If a large proportion of hydrochloric acid is added 
at once, even to concentrated solutions of alkali silicates, the 
liberated silicic acid remains in solution ; but if the hydrocldoric 
acid is added gradually, drop by drop, while the fluid is stirred, 
the greater part of the silicic acid separates in a gelatinous form. 
The more dilute the fluid, the mure silicic acid remains in solu- 
tion, and in highly dilute solutions, no precipitate is formed. 
If the solution of an alkali silicate, mixed with hydrochloric or 
nitric add in excess, is evaporated to dryness, silicic acid sepa- 
rates as the add escapes. Upon treating the residue with liydro- 
diloric add and water, silicic anhydride or, if it has been dried 
at only 100°, hydrated silicic add remains as an insoluble, white 
powder. In not too dilute solutions of alkali silicates, am- 
monium chloride produces predpitates of silicic acid (containing 
alkali), and heating promotes the separation. 

8. Some of the silicates insoluble in water are decomposed 
by hydrochloric or nitric add, while others are attacked scarcely 
or not at all by these acids, even upon boiling. In the decom- 
position of the former, the greater portion of the silicic add 
separates, usually in the gelatinous, more rarely in the pulveru- 
lent, form. To effect the complete separation of the silicic add. 
the hydrochloric acid solution, with the predpitated silicic acid 
suspended in it, is evaporated to dryness, the residue is heated 
with stirring, at a uniform temperature, somewhat above the 
boiling-point of water until acid vapors no longer escape, then 
it is moistened with hydrochloric acid, heated with water, and 
the fluid contuning tlte bases filtered from the residuary, insoluble 
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eilicic acid. Of the silicates not decomposed by hydrochloric 
acid, many le.p., kaolin) are completely decomposed by heating 
with a njixture of 8 parts of strong snlphnric acid and 3 parts of 
water, the silicic acid being separated in the pulverulent fom ; 
many others are acted upon to some extent by this reagent. 
Silicates not decomposable by boiling with hydrochloric or sul- 
pliuric acid in the open air (at the ordinary atmospheric pres- 
sure) may generally be comjdetely decomposed by heating, in a 
state of line powder, with the aei^, in strong, sealed glass tubes 
at y00®-210® in an air- or paraliin-bath. 

4. If any silicate, reduced to a line powder, is fused with 
4 parts of sodium and poiaxgiutn carionatea until no more car- 
bon dioxide escapes, and tlie mass is then boiled with water, the 
greater part of the silicic acid dissolves as alkali-metal silicate, 
while alkali-earth and earth metals (with the exception of 
ahiuiinium, which passes more or less completely into the 
Solution) and heavy metals are left undissolved as carbonates or 
oxides. If the fused mass is softened with water, then, with- 
out ];revious tiltration, hydrochloric or nitric acid added to 
strongly acid reaction, and the fluid evaporated as directed in 
S, the silicic acid is left undissolved, while the bases are in solu- 
tion. If a fusion is made with 4 parts of 'barium, ’hydroxide., the 
mas.s is digested with water with the addition of hydrochloric or 
nitric acid, and the acid solution is treated according to 3, silicic 
acid is separated as before. The bases, especially the alkalies, 
may then l)e found in the flltrate. [If an insoluble silicate con- 
taining alkali metals is mixed in the state of powder with 8 times 
its weight of precipitated calcium carbonate and its own weight 
of ammoniim chloride, and the mixture is heated to redness 
in a covered platinum crucible for half an hour, too high a heat 
being avoided, a somewhat sintered mass is obtained, which, on 
being <Iigested in hot water, falls to powder, and yields a solu- 
tion containing, besides calcium chloride and hydroxide, all the 
alkalies of the silicate in the form of chlorides (J. Lawbbnob 
Smith).] 

5. If hydrofluoric add, in concentrated aqueous solution or 
in the gaseous state, is made to act upon silicic oxide, silicon 
fluoride gas escajTes : SiO, + 4IIF = SiF* -1- 2H,0. The dilute 
acid dissolves silica to hydrofluosilicic acid : SiO, -f- SHF = 
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HjSiF, + 211,0. If lids solution is evaporated to dryness, 
and if the silicic and hydrofluoric acids were pure, and the 
latter was in excess, no residue is left. Hydrofluoric acid acting 
upon silicates gives rise to the formation of silicofluorides : CaSiO, 
+ 6HF = CaSiF, 3H,0. By heating with sulphuric acid, 
these are changed to sulphates, with evolution of hydrofluoric 
acid and silicon fluoride gases. If the powdered silicate is 
mixed with 3 parts of ammonium fluoride, or 5 parts of calcium 
fluoride in powder, the mixture made into paste with concen- 
trated sulphuric acid, and heat is applied tmtil no more fumes 
escape, the whole of the silicic acid present volatilizes as silicon 
fluoride. The bases are found m the residue as sulphates, 
mixed, if calcium fluoride was used, with calcium sulphate. 
All the experiments described in 5 should be performed in 
platmmn maads, and the evaporations must he made under a 
good hood^ or better still in the opm cm. 

6. On mixing 1 part of finely powdered silica, or a silicate, 
with 2 parts of powdered cryolite or fluor-spar (free from silica), 
and 4 or 6 parts of concentrated sulphuric acid, heating the mix- 
ture moderately in a platinum crucible, but not allowing it to 
spurt, and then holding close over the surface the loop of a stout 
platinum wire which has been freshly ignited, and now contains 
a drop of water, a pellicle of silicic acid will soon form on the 
latter from decomposition of the escaping silicon fluoride (Bab- 
foed). 

7. If silicic oxide or a silicate is fused with a small propor- 
tion of aod/i/um eourhonate in the loop of a platinum wire, fboth* 
iNG- is observed in the bead, owing to the evolution of carbon 
dioxide. The bead obtained with pure silicic acid, or silicic 

^ide, is always dear when hot; and with silicates rich in 
ailiftin add (as the feldspathic rocks), the bead is also clear; 
otherwise it is opaque. The clearness of the cold bead depends 
upon the proportion between silicic acid, soda, and other bases. 

8. SodA/vm mdaepho^haU in a state of fusion nearly fails 
to dissolve silidc oxide. If, therefore, silicic acid or a 
silicate (best in 'small fragments) is fused with sodium meta- 
phosphate on a platinum wire, the bases are dissolved, while 
generally the greater part of the silidc oxide separates and floats 
about in a clear bead as a more or less translucent mass, exhibit- 
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ing the shape of the fragment of substance used, and forming the 
so-called siuoa seelistok. 

9. In regard to the microcliemicid detection of. silicic acid, 
see Haushofeb, p. 120 ; Behbens, Zeitschr. f. analTt. Chem., 
30, 157. 


§181. 

Recapitulation and Remarks. — Carbon dioxide or free car- 
hmic acid is readily known by the reaction with lime- or baryta- 
water ; while the carbonates are easily detected by the evolution of 
a scarcely odorons gas when they are treated with acids. Many 
carbonates (<?.</., magnesite) are decomposed by acids only upon 
heating. "When operating upon compounds which evolve other 
gases besides carbon dioxide, the gas should be tested with lime- 
water or baryta-water. Silicle acid, both in the free state and 
in silicates, may usually be readily detected by the reaction with 
sodium metaphosphatu. In tlie form in which it is always 
obtained in analyses, it differs from all other bodies by its 
insolubility in acids (except hydrofluoric acid) and in fusing 
potassium disnlphate, and its solubility in boiling solutions of 
alkalic.s and alkali carbonates ; and from many bodies (especially 
from alumina and titanic oxide), by completely volatilizing upon 
repeated evaporation in a platinum dish, with hydrofluoric acid 
(or ammonium fluoride) and sulphuric acid. 

Second Group of Inorganic Adda. 

Acids whioh are preotpitated by Silver Nitrate, but not bt 
Barioi f 'hloride ; Hydrochloric Acid, Hydrobromic Add, 
Jlydrimlic Add, Hydrocyanic Acid, Hy^oferro- and Hy- 
droft'cricyanic Add, Hydrosxdphocyanic Add, Hyd/rosul- 
phiric Add (Nitrons Add, Hypochlorous Add, Chlorous 
Acid, IIypoi»hosphorous Acid). 

The silver compounds, corresponding to tlie halogen and 
aiulphtr adds of this group, are insoluble in dilute nitric add. 
These acids react with metallic oxides and hydroxides, the 
metals combining with the chlorine, bromine, iodine, cyanogen, 
or sulphur, etc., while the oxygen of the metallic oxide, or the 
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hydroxyl of the hydroxide, forms water with the hydrogen of 
the acid. 


§182. 

a , Hydeochloeic Acid, HOI. 

1. Chloeine is a heavy, yellowish-green gas of a disagreea- 
ble and suffocating odor, wliich has a most injurious action upon 
the respiratory organs. It destroys many vegetable colors Oit- 
mus, indigo-blue, etc.), is not inflammable, and suj)ports the 
combustion of a few bodies only. Minutely di’vided antimony, 
tin, etc., spontaneously ignite in it, and are converted into 
chlorides. It dissolves ratlier freely in water ; and the chlokixe- 
WATER formed has a faint yellowish-green color, smells strongly 
of the gas, bleaches vegetable colors, is decomposed by the 
action of light (§ 30), and loses its odor when shaken with mer- 
cury, the latter being partly converted into mercurous chloride. 
Small quantities of free chlorine may be readily detected in a 
liquid by adding it to a dilute solution of indigo having only a 
faint blue color, which is decolorized by the action of tlie free 
chlorine, or also, in the absence of nitrous acid, by the blue 
color imparted to a mixture of starch paste and potassium iodide 
(see § 184, 9). 

2. Hydroohloeio acid, at the common temperature and 
common atmospheric pressure, is a colorless gas, which forms 
dense fumes in moist air, is suffocating and very irritating, and 
dissolves in water with exceeding facility. The concentrated 
aqueons solution (fuming hydrochloric acid) loses a large portion 
of its gas upon heating. 

3. The normal mbtallio chlorides are readily soluble in 
water, with the exception of lead, silver, cuprous, and mer- 
curous chlorides, and most of tliem are white or colorless. 
Many chlorides volatilize at a high temperature, without suffer- 
ing decomposition ; while others are decomposed upon ignition, 
and some are fixed at a moderate red heat. 

4. Even in higlily dilute solutions of free hydrochloric acid 
or of almost all metallic chlorides, Bil^ernitraie produces a white 
precipitate of silver chloride, AgCl, which upon exposure to 
light becomes first violet, then black. It is insoluble in dilute 
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Ditric acid, but dissolves readily in ammonia as well as in potas- 
sium cyanide solution, and also in a boiling solution of ammonium 
sesqui” -carbonate * (H. Haoee). [Placed in contact with 
metallic zinc and water slightly acidulated with sulphuric acid, 
silver chloride is decomposed, soluble zinc chloride and metallic 
silver being formed.] Silver chloride fuses without decomposi- 
tion (compare § 135, Y), From a solution of green chromium 
chloride, chlorine is incompletely^ precipitated by means of 
silver nitrate (Peligot), and it is not precipitated from a 
solution of molybdenous oxychloride in sulphuric acid (Blom- 
strand). From a solution of auric chloride, even in the pres- 
ence of nitric acid, silver nitrate produces an ochre-yellow 
precipitate, containing gold, silver, and chlorine. 

5. In solutions containing free hydrochloric acid or metallic 
chlorides, mercurous nitrate and lead acetate produce precipi- 
tates of meecueous ohloeidb, HgjOlj, and lead chloeide, 
PbCl,. For the properties of these precipitates, see § 136, 6, 
and § 137, 7. Lead acetate precipitates lead auric chloride 
from a solution of hydrochlorauric acid. 

6. If hydrochloric acid is heated with mcmgcmese dioxide 
or lead dioxide^ or a chloride with mcmgameee dioxide or lead 
dioxide and rather concentrated sulphwric add, ohloeine is 
evolved, which may be readily recognized by its odor, its yel- 
V)wish-green color, and its bleaching action upon vegetable 
colors. The best way of testing the latter is to expose to the 
gas a moist strip of litmus-paper, or of paper colored with solu- 
tion of indigo. When chlorides are heated with manganese or 
lead dioxide and acetic acid, no chlorine is evolved. 

7. If a metallic chloride is triturated with half its weight 
or somewhat more of potaesium dichromate, the dry mixture 
treated with concentrated sulphuric acid in a tubulated retort, 
and a gentle heat applied, the deep brownish-red gas of oheomio 
OXYOHLOEIDE, CrOaOla (oHLOEOOHEOMio aoid), is evolved, which 
condenses into a fluid of the same color, and passes into the 
receiver. If this distillate is mixed with ammonia in excess, a 
yellow-colored liquid is produced from the formation of ammo- 


* To prepare this, dissolve 1 part of the transparent ammonium carbonate 
of commerce in 9 parts of water of ordinary temperature, and add, for each 
10 cc of the liquid, 6 drops of ammonia-water of .96 sp. gr. 
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nium chromate : CrO.OI, +4XH,On = 3XE.01-f 0"E,),CrO.+ 
2H,0. Tjpon addition of an acid, the color of the solution changes 
to a reddish-yellow, owing to the formation of acid amnioiiium 
chromate. 

8. Chlorine is detected in the metallic chlorides iusoluhle in 
water and nitric acid by fusing them with 

carlxmate, and treating the mass with water, which dis-olves 
tlie sodium and potassium chlorides formed in the process, to- 
gether with the excess of the sodium and jx>ta<&ium carbonates. 

9. If cupric oxide is dissolved in a bead of mdivni ineta- 
■phosphate on a platinum wire in the outer blowj)ipe flame, in suf- 
ficient quantity to make the mass nearly opaque, a trace of a 
substance containing chlorine added to it while still in fusion, and 
tlie bead then exposed to the reducing flame, a fine Br.uE-ofti.oKi;i> 
flame, inclining to pceple, will bo seen encircling it as long us 
chlorine is present (Bi!!r,zELicrs). 

10. In relation to the microscoi)ic detection of chlorine, see 
Haushopee, p. 47; Beheess, Zeitsehr. f. analyt. Chem., 30, 
170; A, Peeot Smitii, Pharmac, Centralhalle, 1886, p, 638. 


§183. 

h . Htubobbomic Acid, HBr. 

1. Bbouxne is a heavy, brownish-red liquid of a very disa^ 
greeable, chloiine-like odor ; it boOs at 63°, and roktilixes rapidly 
even at the common temperature. The vapor is brownish-red. 
Bromine bleaches vegetable colors like chlorine, is rather sol- 
uble in water, dissolves stiD more readily in alcohol, and 
very freely in ether, carbon disulphide, and chloroform. The 
solutions are yellowiA-red. Ether, carbon disulphide, or chloro- 
form, when shaken with an aqueous solution of bromine, extract 
the latter from it. 

2. Htdeobromio acid gas, its aqueous solution, and the 
MBTALLio BEOsnDBS, in their general deportment, show a great 
analogy to the corresponding chlorides. 

3. In aqueous solutions of hydrobromic acid or of bro- 
mides, ailmer nitrcOe produces a yellowidi-white precipitate of 
siLVEB BBOMiDB, AgBr, wliich becomes gray upon exiwsure to 
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light. This jjrecipitate is insoluble in dilute nitric acid, and almost 
insoluble in a boiling solution of ammonium “sesqui ’’-carbon, 
ate (H. Hageb). Aiuniouia-water dissolves silver bromide, but 
much more difficultly than silver chloride. It dissolves with 
facility in potassium cyanide. [^Vith metallic zinc and water 
acidulated with sulphuric acid, it yields soluble zinc bromide and 
metallic silver.] 

4. In neutral solutions of metallic bromides, ^paXUtdAoub 
nitrate^ but not palladious chloride, produces a reddish-brown 
precipitate of paliadiocs bkomide, PdBr,. In concentrated 
solutions, this precipitate is formed immediately j but in dilute 
solutions, it makes its appearance only after standing some time. 

5. Xlti’io itctd decomposes hydrobromic acid and the bro- 
mide.s, with the exception of silver bromide, upon the application 
of heat, and liberates the bromine by oxidizing the hydrogen or 
the metiil. In the case of a solution, the liberated bromine colors 
it yellow or yellowish-red. "With bromides in the solid state or 
in concentrated solution, brownish-red (if diluted, brownish- 
yellow) vapors of bromuie escape at the same time, which, if 
evolved in sufficient quantity, condense in the cold part of the 
tcst-tnbe t* > small drops. In the cold, nitric acid, even when red and 
fuming, fails to liberate the bromine in very dilute solutions of 
bromides, nor is it liberated by solution of nitrous acid in con- 
centrated sulphuric acid, nor by hydrocbloric acid and potassium 
nitrite. 

6. Chlorine, in the gaseous state or in agimus solution, 
imineJiutely liberates bromine in solutions of its compounds, 
the fluid assuming a yellowish-red tint if tlie quantity of bro- 
mine present is not too minute. A large excess of chlorine must 
1)0 avoided, since this causes the formation of bromine chlo- 
ride, which destroys the color wholly or nearly so. This reac- 
tion is made much more delicate by the addition of a fluid which 
disHdves bromine and does not mix with water, such as carbon 
diHulphide or chloroform. Mix the neutral or feebly acid 
solution in a test-tube with a little of one of these fluids, sufficient 
to form a large drop at the bottom, then add dilute chlorine- 
water drop by drop, and shake tlie tube. With appreciable 
quantities of bromine (e.g., 1 part in 1000 parts of water), the 
droi» at the ]}ottom acquires a reddish-yellow tint; bnt with very 
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minute quantities (1 part of bromine in 30,000 parts of water), 
a pale yellow tint, which, however, is still distinctly discernible.* 
Ether, which was previously used for the purpose, is far less 
well adapted for this reaction. A large excess of chlorine-water 
must be avoided in this experiment also, and it must always be 
ascertained first whether the chlorine-water, mixed with a large 
quantity of water and some carbon disulphide or chloroform, and 
shaken, will leave these solvents quite uncolored. If not, the 
reagent is not suited for the purpose. If the solution of 
bromine in carbon disulphide or chloroform (or ether) is mixed 
with some solution of potassium hydroxide, the mixture shaken, 
and heat applied, the yellow color disappears, and the solution 
now contains potassium bromide and bromate. By evaporation 
and ignition, ^e potassium bromate is converted into potassium 
bromide, and the ignited mass may then be further tested as 
directed in 7. 

7. If bromides are heated with nui/iganese or had dioxide 
and concentrated or dilute sulphuric acid, bbownish-eed vapoes 
OF BROMiNB are evolved. In the presence of chlorides, it is 
necessary to operate with dilute solutions so that no bromine 
chloride can be formed. 'When heated with manganese dioxide 
and acetic acid, bromides give off no bromine, hut they do 
evolve bromine when heated with lead dioxide and acetic acid 
(VoBTMAsnt). If the bromine is present only in very minute 
quantity, the color of the escaping vapor is not visible; but if 
the mixture is heated in a small retort, and the vapors are trails- 
mitted tlirough a long glass condenser, the color of the broniina 
may generally be seen by hxikiug length\vise through the tube. 
The first drops of the distillate are also colored yellow, and 
these together with the first vapors should be received in a test- 
tube containing some starch moistened with waters since, 

8. If moistened starch is brought into contact with free 
bromine, more especially in the form of vapor, yellow bbomizbd 
STAEOH is formed. The coloration is not always instantaneous. 
The reaction is rendered most delicate by sealing the test-tube 


* In solutions of hydrobromides of the alkaloids, the Teaotion does not take 
place. The alkaloids are therefore to be first removed by means of sodium 
hydroxide or carbonate solution, etc. (A. 'W’ki.i.bii, Zeftschr. f. analyt. Ghem., 
ae, 740). 
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whicli contains the luoistened starch and the first drops of the 
distillate from 7, and then cautiously inverting it, so as to cause 
the iiioi.>.t starch to occupy the upper part of the tube, while the 
fluid is at the bottom. The presence of even the slightest 
trace of bromine will now, in the course of from twelve to 
twenty-four hours, uiipart a yellow tint to the starch, which, 
however, after some time will again disappear. The reaction 
may l»e called fortli in a simpler manner, Avith almost the same 
degree of <lelieaey, by gently heating the fluid containing free 
bromine, or abo the original mixture of bromide, manganese 
dioxide, and sulphuric acid, in a very small beaker covered 
with a watch-glass having a ^trip of pajKsr attached to the lower 
side, moistened with starch iKiste and sprinkled witli starch 
powder. 

9. If concentrated f<nlj)h uric acid is poured over a mixture of a 
bromide with jrtffifisiiiiu J ii'h ruinate^ and heat is tlien applied, a 
browuisli-red gtw U evolved, exactly as in tlie case of chlorides. 
But this gas consists of pure bromixe, and therefore the fluid pass- 
ing over (loos not turn yellow, but becomes colorless upon super- 
wiTiirsition with ammonia. Bromine may also be expelled 
froJii solutions by heating with potassium chromate and sulphuric 
aci<l. 

10. If a solution of hydrobromic acid or an alkali-metal 
bromide is mixed with a little gold chloride solution, a straw 
or dark orange wdor is prcfduced from the formation of gold 
BBOMioK. If iodine is present, it must be removed before the 
solution of gold is added (Bill). 

11. In order to detect bromine in them, the metallic 
bromides which are insoluble in water and nitric acid are treated 
in the same way as the corresponding chlorides. 

12. If a substance containing bromine is added to a Bodiwn 
?)}eUtphoB]dintc head eaturated veith cupric oxide, and the bead 
ih then ignited in the inner blowpipe flame, the flame is colored 
BLUE, inclining to green, more particularly at the edges 

(BERS!KLir.S). 

13. Ill relation to the microscopic detection of bromine, see 
Bebrens, Zeitschr. f. analyt. Chem., 30 , 170; A. Perot 
Smite, Phannac. Oentralhalle, 1886, p. 638. 
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§184. 

0 . Htdeiodic Acid, HI. 

1. loDiNB is a soft solid body, with a pecnliar, disagreeable 
odor. It generally occurs in the form of black, shining, crystalline 
scales. It fuses at 114®, boils above 200®, giving iodine vapor, 
which has a beautiful violet-blue color, and condenses upon 
cooling to a black sublimate. It is veiy sparingly soluble in 
water, but readily in alcohol, ether, carbon disulphide, and 
chloroform, as well as in aqueous solution of potassium iodide. 
The aqueous solution is light brown, the alcoholic, ethereal, 
and potassium iodide solutions are deep red-brown, while those 
in carbon disulphide and chloroform are violet-red. Iodine 
destroys vegetable colors, only slowly and imperfectly. It stains 
the skin brown, and with starch forms a compouud of a most 
intense, dark blue color. This always results when iodine vapor 
or a solution containing free iodine is brought into contact with 
starch, best in the form of starch paste. The color of iodized 
starch is destroyed by alkalies, by chlorine and bromine, and by 
sulphurous acid and other reducing agents. 

2. Htdbiodio acid gas resembles hydrochloric and hydro- 
bromic acid gases, and dissolves copiously in water. The colorless 
solution of hydriodic acid turns speedily to a reddish-brown in 
contact with the air, water and a solution of iodine in hydri- 
odic acid being formed. 

3. The IODIDES also correspond in many respects with the 
chlorides. Of the iodides of the heavy metals, however, many 
more are insoluble in water than is the case with the correspond- 
ing chlorides. Many iodides have characteristic colors, e.g.f 
lead iodide, mercurous iodide, and mercuric iodide. 

4. In aqueous solutions of hydriodic acid and of iodides, 
silver nitrate produces yellowish-white precipitates of silteb 
IODIDE, Agl, which blacken on exposure to light. Silver iodide 
is insoluble in dilnte nitric amd, scarcely soluble in ammonia- 
water containing 5 per cent of ammonia, and not soluble in a 
boiling solution of ammonium “ sesqui ’’-carbonate (H. Hagbb). 
It dissolves readily in potassium cyanide [and with zinc and dilute 
sulphuric acid, reacts like silver chloride and bromide]. 
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5. Even in very dilute solntiuns of hydriodic acid or metallic 
iodides, pulladious chloride and podladious nitrate produce a 
brownish-black precipitate of paixamops iodide, Pdl,, which 
dhsulves to a triding extent in saline solutions (sodium chloride, 
inagiiebiuni chloride, etc.), but is insoluble or nearly so in dilute, 
cold hydrochloric and nitric acids. 

6. Eroiu neutral aqueous solutions of the iodides, a solution 
of 1 part of cupric sulphate and 2^ parts of ferrom sulphate 
throws down cufbous iodide, Cu,I,, in the form of a dirty 
white precipitate. The addition of ammonia promotes the 
complete precipitation of the iodine. Chlorides and bromides 
are not precipitated by this reagent. Instead of using the 
above mixture of sulphates, cupric sulphate alone may be added, 
and afterwards enough sulphurous acid or acid sodium sulphite 
to remove the brown color produced by separated iodine. 

7. Pm'e nitric acid, free from nitrous acid, decomposes 
hydriodic acid or iodides, only when acting upon them in its 
concentrated form, particularly when aided by the application 
of heat. But nitrous acid and nitrogen peroxide decompose 
hydriodic acid and iodides with the greatest facility, even in the 
most dilute solutions. Colorless solutions of iodides therefore 
ac<]uirc iininediately a brownish-red color upon addition of some 
red fuming nitric acid, or of a mixture of this with concentrated 
sulpimric acid, or better still, upon addition of a solution of 
nitrous acid in concentrated sulphuric acid, or of potassium 
nitiite and some sulphuric or hydrochloric acid. From more 
concentrated solutions, the iodine separates in the form of black 
scales, while nitrogen oxides and iodine vapor escape.* 

S. As the blue coloration of iodized starch remains visible 
in much more highly dilute solutions than tlie yellow color of 
s*i1ntion of iodine in water, the delicacy of the reaction just 
descrilsjil (7) is considerably heightened by first mixing the fiuid 
to be tested for iodine with some thin, tolerably clear starch 
paste, then adding a few drops of dilute sulphuric acid, to make 
the fiuitl strongly acid, and finally one of the reagents given in 
7. Of the solution of nitrons acid in concentrated sulphuric 

* From cytmogea iodide, iodine is not separated by oxidizing agents,* but 
it Is set free by leducLug agents (B. v. Mbver, Zeitschr. f. analyt. Ohem., 27, 
S39j. 
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acid, a single drop on a glass rod suffices to produce the reaction 
most distinctly, and I can, therefore, recommend thic reagent 
most highly, as does Fe. J. Otto, -n-ho tirst proposed its use. 
Eed fuming nitric acid must he added in somewhat larger 
quantity to call forth the reaction in its highest intensity ; there- 
fore, this reagent is not well adapted to detect very minute 
quantities of iodine. The reaction with potassium nitrite also is 
very delicate. The fluid to be tested is mixed with dilute sul]»hurie 
acid or with hydrochloric acid to distinctly acid reaction, and a 
drop or two of a concentrated solution of potassium nitrite is 
then added in the presence of a little starch paste. In cases 
where the quantity of iodine present is very minute, the fluid 
turns reddish, instead of blue. An excess of the fluid contain- 
ing nitrous acid does not materially impair the delicacy of tlie 
reaction. As iodized starch becomes colorless in hot water, 
the fluids must of necessity be cold, and the colder they are the 
more delicate the reaction. To attain the highest degree of 
delicacy, cool the fluid with ice, let the starch deposit, and place 
the test-tube upon white paper to observe the reaction (compare 
also “ Eecapitulation and Eemarks” below, § ISS). 

9. Chlorine gas and eJdonne-tcater decompose compounds of 
iodine also, setting tlie iodine free; but if the chlorine is applied 
in excess, the liberated iodine combines witli it to iodine chloride. 
A dilute solution of a metallic iodide, mixed with starch paste, 
acquires at once, therefore, upon addition of a little clilorine- 
water, a blue tint, but becomes colorless again upon addition 
of more clilorine-water. As it is difficult not to exceed the 
proper limit, especially where the quantity of iodine present 
is only small, chlorine- water is not well adapted for the detection 
of minute quantities of iodine. 

10. If a solution containing hydriodic acid or an iodide, 
acidified if necessary, is mixed with rhlortifor?/i or t'ltrlmi 
dimljphide, so as to leave a large drop nndissolved, and one of 
the agents by which iodine is liberated (a drop of a solution of 
nitrous acid in sulphuric acid, hydrochloric acid and potassium 
nitrite, chlorine-water, etc.) is added, the mixture vigorously 
shaken, and then allowed to stand at rest, the chloroform or the 
carbon disulphide, colored violet-red by the iodine dissolved in 
it, subsides to the bottom. This reaction, also, is exceedingly 
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delicate. If a Bolntion containing free iodine is shaken 'witii 
jtetroleum. oil, hviiztA, or ether, the first two are colored almost 
red, and the ether more reddish-brown or ydlow. (Iodine colors 
ether innch more intenselj than an equal amount of bromine.) 

11. If metallic iodides are heated with eonaentraUd eid- 
jthuric acid, or with manganese or lead dioxide and dilute sul- 
jfhurie acid or even acetlo acid, or with dUute sudgghurie aoid 
and jpotassium dichromate, or with ferrio (Moride or ferrio 
svlj/hate, iodine separates, and may be recognized by the color 
of its vapor, or in the case of veiy minnte quantities, by its 
action upon a strip of paper coated with starch paste. 

12. U^n fusion with sodium cationate, the iodides which 
are insoluble in water and nitric acid comport themselves in the 
same manner as the corresponding chlorides. 

18. A sodium nietaphosphate "bead, saturated with ouprio 
oxide, when charged with a subetanoe containing iodine, and 
ignited in the inner blowpipe flame, imparts an intense obbbzt 
color to the flame. 

14. In regard to tlie microscopic detection of iodine, see 
HarsHorEB, p. 52 ; Sehbe^, Zeitschr. f. analyt. Ohem., 80, 
171; DsKiois, Ohem. Centralbl., 1891, 1, p. 104. 


§ 185. 

d. HYDBoovAino Aom, HON. 

1. Otahoosn, 0,N,, is a colcvless gas of a peculiar, poie- 
traiing odor. It bums with a crimson flme, is rather soluble in 
water, and has a specific gravity of 1.8. 

2. HroBooTAino Aom (pmssio add) is a colorless, volatile, 
inflammable liquid, the stupej^ying odor of which distantly re« 
semhles that of bitter ahnonds. It is misdble with water in all 
pn>portion8, and in the pure state, it speedily safEsn decompo- 
sition. It is extremely poisonous, and the aqueous solution does 
not redden litmus-paper. 

8. The OTAHmKB of the alkali and alkali-earth a^e 

soluble in water, and the solutions smell of hydrocyanic «dd . They 
are readily decomposed by adds, even by carbonic add. At 
80* to 80”, mercuric cyanide, and at 100*, finely divided qyanides. 
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snspeiided in water and insolnble in it, are decomposed bj car- 
bonic acid (H. HilgtEB and K. Tamba). 'Wlien ignited with 
exclusion of air, potassium and sodium cyanides fuse without 
decomposition ; but when fused with oxides of lead, copper, anti- 
mony, tin, and many other oxides, they reduce these, and are 
converted into cyanates. Upon fusion with almost every metal- 
lic sulphide, a metallic sulphocyanide is produced. Only a few of 
the cyanides of heavy metals are soluble in water ; but all of them 
are decomposed by ignition, the cyanides of the noble metals 
being converted into cyanogen gas and metal or metallic para- 
(^anide, and the cyanides of the otlier heavy metals, into nitrogen 
gas and metallic carbides. Many of the cyanides of heavy 
metals are not decomposed by dilute oxygen acids, and only with 
difficulty by concentrated nitric acid. By heating and evapora- 
tion with concentrated sulphuric acid, all cyanides are decom- 
posed ; while hydrochloric acid decomposes a few, and hydro- 
gen sulphide decomposes many. 

4. The OTAKtDES have a great tendency to combine with each 
other ; hence most of the cyanides of the heavy metals dissolve 
in potassium cyanide. The resulting compounds are either : 

a. Double salts, e.g,, potassium nickel cyanide, 2XCN. 
1U(CN),. From solutions of such double salts, acids precipitate 
the metallic cyanide, by decomposing the potassium cyanide 
which was combined with it. Or, 

i. Compounds which behave like simple halogen salts, in 
which a metal (e.g., potassium) is combined with a compound 
radical consisting of cyanogen and another (metal iron, cobalt, 
manganese, chromium). The ferro- and the ferricyanides of 
potassium, K,Fe(CN), and K,Fe(CN),, are compounds of this 
kind. From solutions of such compounds, dilute adds do 
not separate metallic cyanides in the cold. If the potassium 
is replaced by hydrogen, corresponding hydrogen adds are 
form^, which must not be confounded with hydrocyanic add. 

The reactions of hydrocyanic add and the ample cyanides 
wfll first be considered ; then, in an appendix to this paragraph, 
those of hydroferro- and hydroferricyanic add and also of 
hydrosnlphocyanic add. 

5. mtrate produces in solutions of free hydrocyanic 
add and of cyanides of the alkali metals, white predpitates of 
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BiLTEB CYANIDE, AgCN, wliich are readily soluble in potassium 
cyanide, dissolve with some difficulty in ammonia, and are 
insoluble in dilute nitric acid. These precipitates are decomposed 
by ignition, leaving metallic silver with some silver paracyanide. 
^^en free hydrocyanic acid is present, the delicacy of this reac- 
tion is increased by first adding ammonia in excess, then silver 
nitrate, and finally acidifying with nitric add. 

6. If a solution of ferrous sulphate and a drop of ferric 
chloride solution are added to a solution of free hydrocyanic 
acid, no alteration takes place ; but if a few drops of a solution 
of potassium or sodium hydroxide are now added, until the 
liquid just reacts alkaline, a bluish-green precipitate forms, 
wHch consists of a mixture of Prussian blue (compare § 127, 6) 
and ferrous-ferric hydroxide. Upon now acidifying with hydro- 
chloric add, the ferrous-ferric hydroxide dissolves, while the 
Prussian blub remains undissolved. If only a very minute 
quantity of hydrocyanic acid is present, the fiuid simply appears 
green after the addition of the hydrochloric acid, and it is only 
after long standing that a trifling blue predpitate separates from 
it. The same final reaction is observed when a mixture of 
ferrous and ferric salt is mixed with the solution of an alkali- 
metal cyanide, and hydrochloric add is then added. 

7. If a liquid containing a little hydrocyanic add or alkali- 
metal cyanide is mixed with suffident yellow ammonium sulphide 
to impart a yellowish tint to the fluid, after the addition 
of a drop of weak potassium or sodium hydroxide solution 
when free hydrocyanic add was present, and the mixture is 
warmed in a porcelain dish upon the water-bath until it has 
become colorless and the excess of ammonium sulphide is 
decomposed or volatilized, and finally evaporated to dryness, 
the residue now contains ammonium snlphocyanide. This is dis- 
solved in a little water, made add with 2 or 3 drops of hydro- 
chloric acid, allowed to stand a few minutes, and then a little 
ferric chloride is added. A blood-red coloration shows the 
presence of the sulphocyanogen which has been formed. Should 
a violet color appear, or should the resulting red color disap- 
pear quickly, some more ferric chloride must be added to c^ 
forth ^e reaction (LtsBio, AluAn). This reaction is exceeding- 
ly delicate. The following equation expresses the transformation 
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of a cyanide into a snlpho(^anide : (25’H4),S, + ^KON = 4KCNS 
-|- (I7n4),S. If an acetate is present, the reaction takes place only 
upon addition of more hydrochloric acid. To discover the 
cyanogen in insolvMe comjpounds by converting it into ferric sul- 
phocyanide, proceed as follows : Fuse some sodium thiosulphate in 
the loop of a platinum wire in an alcohol flame, until the water 
of crystallization has escaped and the mass swells up, introduce 
a small portion of the substance, heat for a little time, removing 
it from the flame as soon as the sulphur begins to burn, and then 
dip the mass into a few drops of ferric chloride mixed with water 
and a little hydrochloric acid. A permanent, blood-red color 
will be produced if cyanogen was present. If the substance is 
heated too long, the reaction fails, as the sodium sulphocyanide 
formed is then destroyed. This method is well suited to dis- 
tinguish silver chloride, bromide, or iodide from cyanide (A. 
Fbohub). 

8. If, to a liquid containing hydrocyanic acid or a metallic 
cyanide, a few drops of a solution of potassium nitrite are 
added, then from 2 to 4 drops of fenr-io cJdcmde solution, and 
enough dilute sulphuric acid so that the brown color of the 
ferric salt formed at first just changes into light yellow, the 
liquid is then heated to incipient boiling, cooled, some ammonia 
added to precipitate the iron which is in excess, the precipi- 
tate filtered o5, and one or two drops of hydrogen sulphide 
water are added to the filtrate (which should still contain free 
ammonia), the solution takes on a violet color from the action of 
the sulphide upon the potassium nitropmsside which has been 
formed (G. VoBraAHw). 

9. On mixing a moderately concentrated solution of an 
alkali-metal cyanide with a little jTzmc add solution (1 part of 
picric add to 250 parts of water) and boiling, the fluid appears 
dark red from formation of alkali-metal picrocyaminate (isopnr- 
purate), the coloration increasing in intensity by standing. If 
the solution of the cyanide is very dilute, no more picric acid 
must be added than is just sufficient to color the fluid yellow. 
After boiling, the red coloration often does not make its appear- 
ance till the fluid has cooled and stood for some time (C. D. 
BBxuir). The reaction is not as delicate as those described in 6, 
7, and 8, but it may be used for the detection of an alkali-metal 
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cyanide in the presence of potassium ferrocyanide, which does 
not give potassium picrocyaminate when treated in the same 
way, 

10. On soaking filter-paper yn^fresMy prepared odcoholio 
tincture of guaiacum containing 3 or 4 per cent of the resin, 
allowing the alcohol to evaporate, moistening the paper with 
solution of cojgper evljphate containing ^ per cent of the salt, 
and then exposing it to air in which a trace of hydrocyanic 
acid is present, it becomes blue from liberation of active 
oxygen : 3CuO -f 4HCX = Cu, (ON),. On (ON), + 2H.0 -f O 
(Pagbnstechbb, Sceosbeis). The i-eaction is exceedingly deli- 
cate, but it is not condnsive for hydrocyanic acid without con- 
firmation, because the guaiacum-copper paper is also made blue 
by air containing ammonia, nitrous acid, ozone, bromine, iodine, 
and hypochlorous acid. It is stQl less conclusive when it is 
produced in solutions, for a mixture of guaiacum tincture with 
very dilate copper sulphate solution is turned blue, not only by 
hydrocyanic acid and cyanides, but also by soluble lower 
chlorides, bromides, iodides, finorides, etc. 

11. If a very dilate solution of iodised starch is mixed with 
a trace of hydrocyanic add, or, after addition of dilute snlphuric 
acid, with a trace of an alkali-metal cyanide, the bine color dis- 
ap})ears unmediately or after a short time, the iodine and the 
hydrocyanic add being transformed into cyanogen iodide and 
hydriodic acid (SoHdNBEiN). This is a very delicate reaction, 
but cannot be relied upon without further tests, as many other 
substances decolorize iodized starch. 

12. Kone of the above methods will serve to effect the 
detection of cyanogen in mercuric cyanide. To detect cyanogen 
in that compound, its solution is mixed with hydrogen sulphide, 
when mercuric sulphide precipitates, and the solution contains 
free hydrocyanic add. In solid mercuric cyanide, the cyanogen 
is most readily detected by heating in a glass tube (com- 
pare 3). Upon heating a solution of mercuric cyanide with 
hydrochloric acid, with sodium chloride and oxalic add, or with 
sodium chloride and dilate sulphuric add, in a distilliag apparatus, 
a large part of the cyanogen is obtained in the distillate as hydrogen 
cyanide. In the presence of small amounts, it is best to distil with 
tartaric add and a little hydrogen sulphide (AimiEimEm). 
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13. Eegarding the microscopic detection of hydrogen 
cyanide, see Behbens, Zeitschr. f. analyt. Chem., 30, 166.* 


A^p^ndisa to Hydrocyanie Acid. 

% 186. 

a. Hy&rof&rrocyanic acid, il 4 Fe(C'N),. Hydrofcrrocyanic 
acid is colorless, crystalline, and readily soluble in water. Its 
solution has a strong acid reaction. Some of the ferry ocj'aiiides, 
as those containing alkali and alkali-earth metals, are soluble in 
water, but tlie greater number of ilicm are insoluble in that liquid. 
All ferrocyanides are decomposed by ignition ; and where they 
are not quite anhydrous, hydrocyanic acid, carbonic acid, and am- 
monia escape ; otherwise, nitrogen and occasionally cyanogen. In 
aqueous solutions of hydroferrocyanic acid or ferrocyanides, yt/’p/a 
cJiloride produces a blue precipitate of febric feesocyanidb 
(Prussian blue, compare § 127, 6); mdciiprio soljthate, a brown- 
ish-red precipitate of ocpric FEBROcrANiDB (compare § 140, 9). 
Sil/oer niti'ate gives a white precipitate of silver FERRocvAinDE, 
Ag 4 Fe(CN), , which is insoluble in nitric acid and in ammonia 
(upon short action in the cold), but dissolves in potassium 
cyanide. Upon boiling with aqueous ammonia, silver ferro- 
cyanide yields ferrous oxide, while the solution contains silver 
cyanide and ammonium cyanide (Weith). If a not too dilute 
solution of an alkali-metal ferrocyanide is mixed with hydro- 
cMorie acid, and some ether is poured on the top of the mixture 
HYDBOFEBBOOTANio AoiD Separates in the crystalline form wher^ 
the two fluids meet. Alkali-metal ferrocyanides are not decom- 
posed by carhonio acid in aqueous solution in the cold (differ- 
ence from the cyanides), but they are decomposed at from 72° to 
74° (Authenbeeth). Prussian blue and cupric ferrocyanide sus- 
pended in water, however, do not decompose with carbonic acid 
below 100°. Upon toiling with water, soluble ferrocyanides, 
as well as those which are insoluble but finely divided, are de- 


* Concernini' the detecUon of cyanogen In flames, compare C. Lusekihs. 
Zeitschr. f. analyt. Chem., 39, 842. 



yjU DEPORTMENT OP BODIES WITH REAGENTS. L§ 


composed, even without the aid of carbonic acid, with the formation 
of hydrogen cyanide (A. Hilger and K. Tamba). Solutions of 
metallic ferrocyanides which are made alkaline with sodium 
carl^onate give no prussic acid when distilled in a stream of 
mrhjnlc acid^ nor is any hydrogen cyanide obtained by the 
distillation of a ferrocyanide with lujdi^oyeii sodium carbonate 
(Jacsbuenin). Upon warming, ferrocyanides in acidified solutions 
arc converted by hydrogen peroxide into ferricyanogen com- 
pounds (Weltzien). Insoluble ferrocyanides are decomposed 
by boiling with solution of sodium hydroxide^ sodium ferro- 
cyauide being formed, and the metals separating as hydroxides, 
unle&s they are boluble in sodium hydroxide. Upon heating 
anuntmiaeal silver solution \rith ferrocyanogen compoimds {e,g.^ 
Pruifsian blue), ferric oxide separates. The solution then gives 
a precipitate of silver cyanide upon acidifying it with nitric 
acid (Veitu). If ferrocyanides are heated with a mixture of 8 
parts concentrated sulphuric acid and 1 part water till the free 
acid is expelled, they are decomposed, and the cyanogen is 
driven oflE in the form of hydrocyanic acid, while the metals 
remain behind as sulphates. On projecting metallic ferrocya- 
nides into fusing potassium nitrate, the cyanogen is converted 
into carb(m dioxide and nitrogen, and the metals are converted 
into oxides, which remain in the crucible. 

J. llydrqferrieyanic acid^ Hydroferricyanic 

acid and many of the ferricyanides are soluble in water; and all 
ferricyanides are decomposed by ignition similarly to the ferro- 
cyanides, In the afjueons solutions of hydroferricyanic acid and 
its salts, chlovuh produces no blue precipitate (§ 127, 7), 
\roX ferrous sulphate produces a blue precipitate of ferrous per- 
riovamde (comiMire § 126, 8). Cupric mlphate gives a yellow- 
isb-green jjrecipitate of cupric ferricyanide, Cu3Fea(0]Sr)„ , 
'winch is insoluble in hydrochloric acid; and sil/ver Ti/itrate 
yichlp an orange-colored precipitate of silver ferrioyanidb, 
Ag,Fe 3 (CN\,, wliich is insoluble in nitric acid, but dissolves 
readily in ammonia and in potassium cyanide. The aqueous 
solutions of alkali-metal ferricyanides behave like the corre- 
spending ferpoejanogen compounds, ■when they are boiled with 
water, or when carbonic acid or hydrogen aodiv/m carbonate acts 
upon them. Hydrogen suljuhide decomposes the alkali-metal 
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CerricTanides, \ntli separation of sulphur and the formation of 
alkali-metal ferroeyanides and hydroferrocyaiiic acid. Free 
hydroferricyanic acid suffers a similar decompo-dtion, and con- 
sequently, also, a solution of potassium ferricyanide to which 
hydrochloric acid is added. Ferricyanides in alkaline solution 
are reduced by hydrogen ^peroxide to ferrocyanogen coinjxmnds, 
with evolution of oxygen ("Weltziex). The insolulde ferricya- 
nides are decomposed by boiling in solution of sodium liydroxide. 
In the fluid filtered off from the .separated metallic oxides, either 
sodium ferricyanide alone is found, or a mixture of tsodium 
ferro- with ferricyanide. The ferricyanogen compounds are 
decomposed by avivion iacal sil ver solution like the ferrocyanogen 
compounds, and nitric acid precipitates silver cyanide from the 
ammoniacal filtrate. By heating with a mixture of 3 parta con- 
centrated sulphuric acid and 1 part water, and also by fusing 
potassium nitrate^ the ferricyanides are decomposed like 
the ferroeyanides. 

c. Hydrosulphocyanic (or thiocyanic) acid, HCXS. This 
forms a colorless, oily liquid, which solidifies in crystals at — 12.6% 
and, according to Abtts, boils at 85°. It has a penetrating odor 
similar to acetic acid, and dissolves in water as well as in alcohol, 
forming liquids with an acid reaction. It acts as a poison, and 
gradually decomposes into hydrogen cyanide and yellow, crys- 
talline perthiocyanic acid, By the action of much 

concentrated hydrochloric acid upon a concentrated aqueous solu- 
tion of hydrosulphocyanic acid (or also potassium snlphocyauide), 
this decomposition completes itself rapidly. Hydrosulphocy- 
anic acid forms sulphocyanides (thiocyanates) with bases. Most 
of these are soluble in water, and their neutral aqueous solutions 
are not, or are scarcely, decomposed by boiling. Upon boiling 
with alkali-metal acid carbonates, ammonium carbonate is formed, 
but no hydrogen cyanide. By distilling with dilute sulphuric 
acid, phosphoric acid, or tartaric acid, a part of the sulpho- 
cyanogen is obtained in the distillate as dilute hydrosulplu>cyanio 
acid, but the rest is decomposed. Upon heating with dilute nitric 
acid, a violent decomposition takes place, accompanied by the 
liberation of nifiilfo oxide and carbonic acid, and the formation 
of sulphuric acid. "When ignited ^vith access of air, all metallic 
sulphocyanides are decomposed, and yield, according to the 
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nature of the I'^ases, sulphur dioxide, sulphates, and cyanates, or 
nitrogen, cyanogen, carbon dibiilphide, and metallic sulphides. 

Solutions of hydroisulphocyanic acid or of metallic sulpho- 
cvunides are colored blood-red by solution acidi- 

fied with hydrochloric acid (§ 127, 8). In concentrated solu- 
tions of idkali-metal sulphocyanides, copper mlpliaU produces a 
velvet- black precipitate of ccpeic suLPHOcrAiiinE, Cu(CNS) 5 , 
wliile, if the solutions are dilute, only an emerald-green color- 
ation ib produced. Copper sulphate solution mixed with an 
excess of sulphurous acUl throws down, even from very dilute 
solutions, pale, reddish-white cupeous sulphocyanide (§ liO, 
10). Silver nitrate produces a white, curdy precipitate of 
srnvER 8CLPIIOCTANIDE, AgCXS, insoluble in dilute nitric acid, 
but soluble in ammonia. Mercurous nitrate produces, according 
to tlie proportions and the concentration, a gray or white pre- 
cipitate. The latter is meecurous sulphocyanide, Hga(CNS)g. 
With metallic zinc^ hydrosulphocyanie acid or the acidified solu- 
tion of a sulphocyanide gives hydroobe sulphide. 


§187. 

e. HYDROsuLPHimic Acid (Hydrogen Sulphide), H^S. 

1. Sulphur is usually a solid, brittle, friable, tasteless body, 
insoluble in water. It occasionally occurs in the form of 
yellow or brownish crystals, or crystalline masses of the same 
colors, and sometimes as a yellow, yellowish-white, or grayish- 
white powder. It melts at 118®; and upon the application 
of a stronger heat, it is converted into a brownish-yellow vapor, 
which in cold air condenses to a yellow powder, and on the sides 
of the vessel to drops. Heated in the air, it bums with bluish 
flame to sulphur dioxide, which betrays its presence at once by 
its suffocating odor. Concentrated nitric acid, bromine in hy- 
drochloric acid, nitro-hydrochloric acid, and a mixture of potas- 
sium chlorate and hydrochloric acid dissolve sulphur gradually, 
with the aid of a moderate heat, and convert it into sulphuric 
acid. In boiling solution of sodium hydroxide, sulphur di^lves 
to a yellow fluid, which contains sodium sulphide and sodium 
thiosulphate. It is insoluble in cold aqueous ammonia, but in warm 
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ammonia, it dissolves to a small extent. Carbon disulphide, ben- 
zol, and petroleum-etlier dissolve the ordinary variety of enlpliur 
with ease, but there is a kind wliich is insoluble in these solvents. 
A hydrogen flame when brought into contact witli sulpliur {but 
also with sulphides or sulifliates; shows a flue blue inner flame. 

2. Htdeosclphueio aciu, or iiydeoolx sulphide, at the com- 
mon temperature and under couiiuon atmospheric pressure, is a 
colorless, poisonous, inflammable gas, soluble in water, and readily 
recognized by its odor of rotten egg.s. . It tran.Mently imparts a 
red tint to moist litmus-jjaper. "When it is kindled, it burns 
with a blue flame to water aud sulphur dioxide. IJydt'oytn 
auljphide water ^ the properties of which have been already 
given in § 33, is decomposed by chlorine, bromine, iodine, ferric 
chloride, permanganic acid, chromic acid, nitrous acid, and other 
oxidizing agents, with the separation of sulphur. 

3. Of the SULPHIDES, only those of alkali and alkali-earth 
metals are soluble in water. These, as well as the sulphides of 
iron, manganese, and zinc, are decomposed by dilute mineral 
acids, with evolution of hydrogen sulphide gas, which may be 
readily detected by its smell, and by its action upon solution of 
lead (see 4). The decomposition of polysulphides is also attended 
with separation of sulphur in a finely divided state, and the 
white precipitate may be readily distinguished from other pre- 
cipitates by its solubility in benzol or petroleum-ether. Part of 
the sulphides of the metals of the fifth and sixth groups are de- 
composed by concentrated and boiling hydrochloric acid, with 
evolution of hydrogen sulphide, while others are not dissolved 
by hydrochloric acid, but by concentrated and boiling nitric 
acid. The compounds of sulphur, with mercury, gold, and 
platinum, resist, more or less, the action of both acids, but 
dissolve in nitro-hydroohlorie acid. Upon the solution of sul- 
phides in nitric acid and in nitro-hydrochlorie acid, sulphuric 
acid is formed, and in most cases sulphur is also separated. 
Many metallic sulphides, more ^ledally those of a higher de^ee 
of snlphnration, give a sublimate of sulphur when heated in a 
tube closed at one end. All sulphides are decomposed by fusion 
with potassium nitrate and sodium carbonate j and on extract- 
ing the fusion with water, the sulphur is found in solution as 
sodium or potassinm sulphate. 
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4. If hydrogen sulphidcj in the gaseous state or in solution, 
is brought into contact 'with silcet nitvute or lead acetate^ black 
precipitates of silver sulphide or lead sulphide are formed. 
In cijhcs, therefore, where the odor fails to afford sufiScient proof 
of the presence of hydrogen sulphide, these reagents -will remove 
all doubt. If the hydrogen sulphide is present in the gaseous 
form, the air suspected to contain it is tested by placing in it a 
small strip of paper moistened with solution of lead acetate and a 
little ammonia. If the gas is present, the paper becomes covered 
with a brownisli-black, shining film of lead sulphide. To detect 
a trace of an alkali-metal &uli»hide in presence of a free alkali or an 
alkali carlionate, the best way is to mix the fluid with a solution 
of lead hydroxide in sodium hydroxide, which is prepared by 
mi.\lng solution of lead acetate with sodium hydroxide solution 
until tile precipitate which forms at first is redissolved. 

.*}. If a fluid containing hydrogen sulphide or an alkali-metal 
sulphide is mixed with solution of sodium hydroxide, then with 
mUvM nlteojinmide, iS'a,Fe(XO; {0N),.2H,O, it acquires a 
fine redflish-violet tint. The reaction is very delicate ; but that 
with wdutioii of lead hydroxide in sodium hydroxide is still more 
sensitive. 

t). Exceedingly minute traces of hydrogen sulphide in aque- 
ous holution may be detected by adding of the volume of 
fnming hydrochloric acid and some small fragments of the sul- 
phuric acid salt of jparcb-amido-dimethyl aniline,* and also, as 
soon as the latter has dissolved, one or two drops of a dilute fer- 
ric chloride solution. In the presence of hydrogen sulphide, the 
liquid takes on a pure blue color in consequence of the formation 
of METHYLENE BLUE (H. CaBO, £. FiSOHEB), 

7. If metallic sulphides are exposed to the oxidising flame 
of the lloicpipe, the sulphur bums with a blue flame, emitting 
at the same time the well-known odor of sulphur dioxide. 
If a sulphide is heated in a glass tube open at both ends, 
in the upjTer part of which a strip of moist, blue litmus-paper 
is inserted, and the tube is held in a slanting position during 
the o})eration, the escaping sulphur dioxide reddens the Htmus- 
paper. 

* Conceniing tlieprepontlon of this leagont, see Zeitaohr. f. analyt. Chein., 
33 , m. 
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8. If a finely pulvemed metallic sulphide is boiled in a 
porcelain dish with solution of potassium hydroxide, and the 
mixture heated to incipient fusion of the caustic pjta&h, or if the 
substance to be tested is fused in a platinum spoon with caustic 
potash, and the mass is in either case dissolved in a little water, 
a piece of bright silver (a polished coin) put into the solution, 
and the fluid is wanned, a brownish-black film of silver sul- 
FHiDE forms on the metal. This film may be removed after- 
wards by rubbing the metal with leather and quicklime (v. 
Kobell). 

9. If the powder of a sulphide which is decomposed by 
hydrochloric acid with difficulty or not at all, is mixed in $ 
small cylinder or in a wide-necked flask, with an equal volume 
of finely divided iron free from sulphur (ferrum alcoholisatum), 
and some moderately dilute hydrochloric acid (1 volume of con- 
centrated acid to 1 volume of water) is poured over tlie mix- 
ture, in a layer a few millimeters tliiek, htdeogbs sclphidi 
escapes along with the hydrogen. This may be easily detected 
by placing a strip of paper moistened Avith solution of lead 
acetate and dried again, under the cork, so that tlie bottom io 
covered by it, the ends of the strip projecting on both sides, and 
then loosely inserting tlie cork into the mouth of the flask. 
Bealgar, orpiment, and molybdenite do not show this reaction 
(v. Kobeia)^. 

10. In relation to the microscopic detection of sulphur, set 
Haushofeb, p. 1165 Behrens, Zeitschr. f. analyt. Chem.^ 
30, 166; F. EaaoH, tdui., 32, 163. 


§ 188. 

BecajntulaUon and Remarks . — ^Most of the adds of the 
first group are also precipitated by silver nitrate, but the predp- 
itates cannot well be confounded with the silver compounds of 
the acids of the second group, since the former are soluble in 
dilute nitdc acid, while the latter are insoluble in that add. 
The presence of hydrogen sulphide interferes more or leas with 
the tests for the other acids of the second group. TIm add 
must therefore, if present, be removed before the testing for 
the other acids can be proceeded with. Tie removal of 
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hvdrosnlpliuric acid, when present in the free state and when 
cyanogen compounds are not also present, may be effected by 
simple ebullition. In other cases, it is best accomplished by the 
addition of a solution of zinc sulphate which has been treated 
with an excess of sodium or potassium hydroxide, and filtering 
off the zinc sulphide [or by the addition of cadmium sul- 
phate solution to neutral, acid, or alkaline liquids, and filtering 
off the cadmium sulphide, which filters better than zinc sul- 
phide]. Mixtures of insoluble metallic sulphides with insolu- 
ble chlorine, bromine, or iodine compounds may be prepared 
f<jr analysis by fusing with sodium carbonate and potassium 
nitrate. 'W'hen tlie mass is treated with carbonic acid water, 
heated, and filtered, the filtrate contains the sulphur as sulphate, 
while the chlorine, bromine, and iodine are combmed with the 
alkali metal>. The two latter may, however, be present partly 
as alkali liromate and iodate, but if the solution is acidified 
with dilute sulphuric acid and sulphurous acid is added in slight 
excess, it then contains only hydrochloric, hydrobromic, and 
hydriodic acids. 

Hydrocyanic acid can be recognized, even in the presence 
of hydrochloric, hydrobromic, and hydriodic acids, by the re- 
actiun with ferrous-ferric solution, which is as delicate as it is 
cliaracteristic. In the presence of alkali-metal ferro- and ferri- 
cyanidcs as well as sniphocyanides, a metallic cyanide may be 
detected by subjecting the liquid to distillation with the addi- 
tion of hydrogen sodium carbonate. The cyanogen of cyanides 
is then found as hydrocyanic acid in the distillate. Ferrocyan- 
ogen and ferricyanogen may also be removed by careful precipi- 
tation by ferric or ferrous sulphate, respectively, and the cyano- 
gen may be detected in the filtrate according to § 185, 6. The 
separation of ferrocyanogen from ferricyanogen, cyanogen, 
Bulphocyanogen, chlorine, and bromine (but not from iodine), 
may be accomplished by treating the freshly precipitated silver 
compounds with aqueous ammonia, since silvmr ferrocyanide is 
insoluble in this liquid, while the other silver compounds dissolve 
in it. Silver ferrocyanide and {dso silver ferricyanide may be 
identified by the blue coloration which they show when they are 
moistened with sodium chloride solution and ferric chloride or 
ferrous sulphate solution, respectively. 
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Hjdriodic acid may be readily detected in the presence of 
hydrogen chloride and bromide, with starch or carbon disulphide, 
upon the addition of a liquid containing nitrous acid. These 
iodine reactions may, however, be interfered with or prevented 
by the presence of cyanogen compounds, and, moreover, the 
detection of chlorine and bromine in the presence of iodine or 
cyanogen compounds is more or less difficult. Any cyanogen 
present must, therefore, be removed or rendered harmless before 
testing for iodine, and, furthermore, both cyanogen and iodine, 
if necessary, must be removed or rendered harmless before 
testing for bromine and chlorine. The removal of cyanogen, as 
well as ferrocyanogen, ferricyanogen, and sulphocyanogcn, is 
accomplished by igniting all the silver compounds. Silver 
cyanide, ferrocyanide, ferricyanide, and sulpliocyanide are de- 
composed (the latter with formation of silver sulphide), while 
silver chloride, bromide, and iodide suffer no decomposition. 
If, therefore, the ignited residue is fused with sodium and potas- 
sium carbonates, and the mass is boiled with water, sodium or 
potassium chloride, bromide, and iodide are obtained in solution. 
The fused sUver compounds are also readily decomposed by 
metallic zinc. For this purpose, they are covered with water, a 
little dilute sulphuric acid is added and a fragment of zinc, the 
whole is allowed to stand for some time, and the resulting zinc 
chloride, bromide, and iodide solution is filtered from the sepa- 
rated metallic silver. If sulphocyanogen was present, hydrogen 
sulphide appears in this redaction, and this must be removed in 
the first place by boiling. 

The separation of iodine from chlorine and bromine is ef- 
fected by treating the silver compounds with ammonia, but more 
accurately by precipitating the iodine as cuprous iodide (§ 184, 
6, first method). From bromine alone, iodine is separated most 
accurately by palladious chloride, whidi only precipitates the 
iodine ; while from chlorine, it is separated by piffiadious nitrate, 
or, after the addition of a sufficient amount of ammonium sulphate, 
by means of thallons sulphate (F. Jahitasoh and K. Aschoff). 

Bromine in presence of iodine and chlorine may be identified 
by the following simple operation: Mix the liquid with a few 
drops of dilute sulphuric acid, then with some starch paste, and 
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add a little red faming nitric acid or, better still, a solation of ni- 
trous acid in sulpliuric acid, whereupon the iodine reaction diows 
itself immediately. Add now chlorine- water drop by drop until 
that reaction has disappeared; then add some more chlorine- water 
to set the bromine also free, which may then be separated and 
identified by means of chloroform or carbon disulphide. Or, the 
iodine after being liberated in a highly dilute fluid may be also 
taken up with chloroform or carbon disulphide, the aqueous fluid 
may then be filtered through a wet filter, and the bromine de- 
tected in the filtrate by means of chloroform or carbon disulphide 
and chlorine- water. For the latter process, the following may be 
substituted: Directly after the liberation of the iodine, cau- 
tiously add chlorine-water, when the violet-red coloration of 
the chloroform or carbon disulphide will gradually fade away, 
and give place to the brownish-yellow color indicative of bromine. 

For the detection of chlorine, iodiue, and bromine, in tho 
presence of each other, the fresh precipitate of silver chloride, 
bromide, and iodide, wadied by decantation, is heated from two 
to three Tnmntes to boiling with 80 to 100 parts by weight of an 
aqueous solation of ammonium sesqui-carbonate (see § 182,4, 
foot-note), it is allowed to stand a short time, the liquid is 
decanted, and the boiling with the ammonium carbonate is 
repeated with more of that solution. The solution contains the 
■silver chloride (together with a trace of silver bromide). If the 
residual silver iodide and bromide is treated with 5 per 
cent ammonia- water (.9783 sp. gr.), the silver bromide dis- 
solves (with traces of silver iodide), while almost the whole 
amount of the silver iodide remains behind (H. Hageb). The 
precipitates thrown down by nitric acid from the ammoniacal 
solutions and the silver iodide remaining undissolved may then be 
fused with sodium carbonate, the fusions treated with water, and 
the filtrates, each of which now contains a halogen in an almost 
pure condition, may be subjected to further tests. For the 
detection of chlorine, the solution is neutralized with sulphuric 
arid (the reaction may be still somewhat alkaline, but must not 
be arid), it is evaporated to dryness, the residue is melted 
together with potassium dichromate, and the resulting mass is 
treated acording to § 182, 7. [The moist silver salts may be de- 
composed also very readily by agitating them with a little dilute 
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snlphnric acid and metallic zmc nntil they liave become thoroughly 
black from their conversion into metallic silver. The filtrates 
may be directly subjected to further tests for iodine and bro- 
mine, but before evaporating the solution, sufficient sodium 
carbonate solution should be added to it to produce a per- 
manent precipitate of basic zinc carbonate.] 

The follo’wing method for the detection of small amounts of 
chlorine in the presence of iodine and bromine is similar in prin- 
ciple : Treat the completely washed silver precipitate for a few 
minutes in the cold with four or five volumes of a 10 to 15 
per cent solution of am m onium sesqui-carbonate, allow it to 
settle, filter, and add potassium bromide to the filtrate. The 
formation of a precipitate shows the presence of silver which has 
gone into solution as silver chloride, and consequently the pres- 
ence of chlorine. If iodates or cyanides were present, it would 
have been necessary to destroy them in the first place (L. L. db 
Kobince). 

Chlorine may also be detected in the presence of bromine and 
iodine in the following way : Heat the solution, in which the 
halogens are presumed to be combined with alkali or alkali-earth 
metals, with lead dioxide and acetic acid, untC the liquid is color- 
less after settling, and has no longer the slightest odor of iodine 
or bromine. In this operation, the bromine escapes with a part 
of the iodine, while the rest of the latter remains as lead iodate 
with the lead dioxide added in excess. Filter, wash the precipitate 
with hot water, and precipitate the chlorine from tlie filtrate with 
silver solution (Gr. Vobtmank). 

After a great amount of experience, it is possible to detect 
chlorine, bromine, and iodine in the presence of each other 
by spectrum analysis, according to An. Mitsciheelioh (compare 
Zeitschr. f. analyt. Ohem., 4, 153). 

A fl xcgards the stmrch reaction, it should be noted that 
many salts (alum, alkali sulphates, m^esinm sulphate, etc.) 
/UmiTiiHb its delicacy; and also, in regard to this and the 
carbon disulphide reaction, that many organic substances may 
entirely prevent their appearance, s.g., albuminoids (Pcchot), 
resorcin, orcin, phlorpglucin (Hlastwetz), and espedafiy tannin. 
The fact should also be mentioned that when nitrous add 
is used for the liberation of iodine in the presence of sul- 
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phocyanides, mistakes may occur (ITadleb), because the jOluid then 
assumes a reddish color, even in the absence of iodine, from the 
formation of pseudo-sulphocyanogen. Upon shaking with car- 
bon disulphide, the greater part of the colored substance is taken 
up by this solvent. 

As far as the agents for setting iodine free are concerned, 
many others have been proposed besides those mentioned above, 
e.g.y iodic acid, or an alkali-metal iodate and hydrochloric acid 
(v. Liebio), ferric chloride and sulphuric acid, platinic chloride 
with the addition of some hydrochloric acid (Hempel), potassium 
permanganate or chromic acid in slightly acidified solution, etc. 
In respect to these agents, it should be observed that iodic acid 
must be used with the greatest caution ; in the first place, because 
in presence of reducing substances, iodine is set free from the 
reagent, and in tlie second place, an excess of iodic acid will at 
once put an end to the reaction. Ferric chloride, with addition 
of sulphuric acid, will not act immediately upon veiy dilute 
solutions ; but after a time, the reaction will make its appearance, 
revealing the presence of even the minutest trace of iodine ; and 
tlie delicacy of the reaction is not materially impaired by an excess 
of the reagent. Ferric chloride may be used with advantage 
when iodine is to be liberated in the gaseous state, which should 
be done, for example, in the presence of organic substances 
which prevent the iodized starch reaction, and when sulphocya- 
nides are present. For this purpose, the liquid is heated nearly 
to boiling, and the escaping fumes are allowed to act on paper 
smeared with fresh starch paste. If a solution of ferric sulphate 
is used instead of ferric chloride, the readue may be used after- 
wards for testing for bromiue and chlorine. If this is heated 
after the addition of potassium permanganate, the bromine escapes 
and is conveniently collected in some chloroform (Hast), so that 
the residue now remaining, after reduction of the potassium 
permanganate by alcohol, may be tested for chlorine by means 
of silver solution. Where potassium permanganate is used for 
the liberation of iodine, if the reaction of starch solution with 
iodine is used, a concdusion concerning it ought not to he made 
until from six to twelve hours have elapsed, because a liquid colored 
with a little iodized starch may also appear reddish, and there- 
fore may be confused with the coloration produced by perman- 
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ganic add alone. The Tnodus opemndi may of course be 
modified in varione ways to increase the delicacy of the starch 
reaction, and interesting particulars upon this point may be found 
in the papers of Morix* and HBiiPEL.t 

For the distinction of the poly sulphides of the alkali and 
alkali-earth metals from their normal sulphides, the following 
reaction will serve, in addition to the one given in ,5 1.^7, 3: 
Heat pure 96 per cent alcohol in a tiask to boiling, witli tlie 
addition of some pieces of glass in order to regulate this, and, 
after the alcohol vapor has exj)elled the air. add tlie liquid to be 
tested drop by drop. If this contains a polysulphide, the liquid 
transiently assumes a sky-blue color, which changes into a per- 
manent greenish-blue (J. C. Gill)4 


§ 1S9. 

Rarer Acids of ike Second Group. 

1. Nitrous Aoid, HNO,. {Xitrons Anhydride^ 27,0,.) 

Nitrous anhydride forms a brownish-red gas at the ordinary temper- 
ature. In contact with water, it decomposes, mostly at least, into nitnc acid, 
which dissolves, and nitric oxide, which partly escapes if the amount of water 
is not very large ; SNaO* -l-HaO = SHNOa -l-3NaOa. The nitrites are decom- 
posed by ignition, and most of them are soluble in water. If the salts or 
their concentrated solutions are treated with dilate snlphnric acid, nitrous 
anhydnde is not evolved, but nitric oxide is, while at the same time nitric 


♦ Joum f. prakt. Chem., 78, 1. 
f Annal. d. Chem. u. Phann., 107, 108. 

X Concerning further reactions for the detection of small amounts of 
hydrogen snlphide, compare Curtjcan, Zeltschr f. analyt. Chem,, 26, 561; 
Italub, Chem. Ceutralbl., 1891, 11, 498. In relation to the detection of 
small amounts of a chloride in the presence of much iodide, compare Djbt- 
ZELL, Zeltschr f. aualyt. Chem., 8, 458; small amounts of bromine in piesence 
of chlorine, Berolund, ibid., 24, 184; small amounts of chlorine or bromine 
beside much iodine, Bohlio, ibid., 9, 815; small amounts of iodine in bromine 
and bromides, Jorissbn, 19, 858; of chlorine, biomine, and iodine in 
presence of each other, Dbchak, ibid., 28, 705; Jones, Pbarmac. Centralhalle, 
1884, p. 188; Maonaib, ibid., 1898, p. 519; Haobr, Chem. Centralbl., 1885, 
p. 816; P, WiCTtr.Tm, ibid., 1898^ I, 865 , of chlorine, bromine, iodine, c^’ano- 
gen, foiro- and ferricyanogen, also of chloric, bromic, and iodic acids, as well 
as hydrogen sulphide in mixtures of all of them, Lokgi, Zeitschr. 1 analyt 
Chem., 23, 70; WeXiLS and Vulte, Pbarmac. Centralhalle, 1890, p. 118. 
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acM is formed. Very dilute solutions oi nitrites ie.g.y such as contain 
.000 q • ir less of nitrous acid jier liter), when acidified with dilute sulphuric 
or acetic acid, and distilled, give, on the other hand, a distillate which 
coi.ritinn almost the whole amount of the nitrous acid originally present, 
anil, in fact, the first 10 or 20 cc which go over contain the greater 
part of it. This gives a means of obtaining the nitrous acid in a small 
volume of liquid, and at the same time of separating it from substances 
whicli might prevent its detection. It is self-evident that this method is 
not applicable when substances which decompose nitrous acid {e.g,, hydro- 
gen sulphide) are present. In solutions of alkah nitrites, silve?' nitrate 
pnxiuces a white precipitate, which dissolves in a very large proportion of 
water, especially upon application of heat. Ferrous sulphate produces in 
neutnil solutions a faint brownish-yellow coloration, but upon the addition 
of acetic acid, a deep blackish-brown coloration results, due to the solution 
of nitric oxide in the ferrous sulphate solution (difference from nitric acid). 
Hydrogen sulphide gives at once in solutions containing free nitrous acid, 
and s^radually in solutions of normal alkali-metal nitrites, a white precipi- 
tate of separated sulphur, Pyrogallic aeid imparts a brown color to even 
very dilute solutions of nitrites acidified with sulphuric acid (Schonbein). 
On addition of jKftassinm cyanide solution to an alkaline nitrite, then of 
some neutral solution of cdbalt chloride and a little acetic acid, the fluid 
bccom«‘.s orange-rose colored from the formation of potassium cobalt nitro- 
cyanide (C, D. Bkaun), But a far more delicate reagent for nitrous acid is 
solution of potassium iodide or zim iodide * mixed with starch paste^ 
especially upon addition of sulphuric acid (Price, Schonbein). Water con- 
taining one hundred-thousandth part of potassium nitrite, together with 
free sulphuric acid, is colored distinctly blue by this reagent in a few 
seconds, and a few minutes suffice to produce the same effect m water 
containing one millionth part of potassium nitrite. This reaction is trust- 
worthy, only where no other substance is present that might exercise a 
decomposing action upon potassium iodide, such as iodic acid, ferric 
salts, etc. In order to exclude the detriment^d action of such sub- 
stances, and to increase the ilelicacy of the reaction, about 800 co of 
the water to be tested are distilled, with the addition of a little acetic acid, 
aud the first drops going over are collected in a solution of an iodide and 
stprch paste acidified with sulphuric acid. If a liquid containing nitrons 
acid is mixed with a colorless solution of nietadiamidohenzol (metapheny- 
Une diamine) in an excess of dilute sulphuric acid,t there is produced, 


* A stable zinc iodide solution may be obtained according to the following 
directions * 5 g of starch and 20 g of zinc chloride are boiled with about 100 
oe of distilled water, the evaporated water being replaced, until the crusts of 
starch are almost completely dissolved ; then 2 g of dry zinc iodide are added, 
the solution is diluted to 1 liter, aud filtered. The solutiou should be preserved 
in well-closed bottles In the dark. 

I I'he solution is decolorized with animal charcoal, and is then stable for 
mouths in closed bottles. 
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even in exceedingly dilute solutions, a characteristic yellow coloration (P. 
Gkiess). If a bolution of shlphamlic wihl in acetic acid, mix^d with a col- 
orless solution of napJitlujlaiuiue in acetic acid.’^ is added to a liquid 
containing nitrous acid, and it lo heated to 7o or 8U‘, there is produced in 
concentrated solutions a red coloration, which rapidly changes to yellow, 
while m dilute solutions a permanent rose-reJ color !.*> pDxiucijd (P, GlUESS, 
L. Ilosvat, LuxCrEj. On adding indigo sointion in ^saler tih tne latter 
has lost its transparency from the depth of color, then hydrocnlonc acid, 
and afterwards a solution of alkah-metaJ pohjsniphnh with .-tirriLg, rill 
the blue color just vanishes, filtering and adding to the clear filtrate a 
solution of the merest trace of nitrous acid, a inofet dibtiuct, bluzsu colora- 
tion will at once ]>e produced. This reaction in to be rec<niiniende<l m the 
presence of other reducing bodies which interfere with the action of riiirous 
acid upon an acidified solution of starch audpota>sium io<iide r*ScHONBEiN;. 
But it must not be overlooked that other oxidizing substances reproduce 
the blue color. Ou mixing a solution of nitrous acid tfor instance, a 
solution of potassium nitnte acidified with acetic acid) with potafonum 
sulphocyanide, the fluid is not colored, but on the addition of nitric acid, 
hydrochloric acid, or sulphuric acid, a dark-red color makes its appearance, 
which vanishes on addition of alcohol, or after heating for a short time 
(difference from feme sulpliocyanide). The coloring substance is mostly 
taken up by shaking with carbon disulphide. The following reac- 
tion is ‘ especially adapted for the detection of nitrous acid in concen- 
trated sulphuric acid: A trace of resorcin is added to 1 cc of the acid, and 
it is then diluted with 5 co of water and shaken. The slightest trace of 
nitrous acid maybe thus detected by a yellow coloration (WiusoN). Mas^ 
Slum permanganate does not act upon neutral solutions of nitrites, but 
upon the addition of a dilute acid, decoloration takes place, and in the 
presence of an excess of permanganic acid, all the nitrous acid is con- 
verted into nitric acid. Hydrogen peroxide also r.ipidly oxidizes nitrous 
acid in acid solution to nitric acid (Wilfrath, Scuone).! Concerning the 


* .5 g of sulphanilic acid is dissolved in 150 cc of acetic acid; .1 g of solid 
naphthylamine is boiled with 20 cc of water, the colorless solution is poured 
off from the bluish-violet residue and mixed with 150 cc of acetic acid The 
two solutions are mixed, decolorized, if necesssuy, by shaking with zinc dust, 
and the reagent is preserved in well-closed bottles. 

t Other means of detecting minute, or exceedingly minute, amounts of 
nitrous acid are diamidolienzoic acid, P. Grtess, Zeitschr. f. analyt. Chem., 
ID, 92; diphenylamine, E Kofp. 11, 461; carbolic acid and mercur- 
ous nitrate, P C. Pluoge, Q>id,, 14, 131; fnchsine, A JoKissEir, s&fd., 21, 
210; para-amidobenzolazodimethyl aniline, Mkldola, Bcr. d. deutsch. ohem. 
Gesellsch., 17, 266; Zeitsebr. f. analyt Chem., 24, 9S; gallic add, Davy, 
Zeitschr. f analyt. Chem,, 23, 72; antipyrine, Curtmax, ibid, 29, 194; 
Bulphanilic acid and phenol, P F, Franklakd, ihid , 30, 713; potassium 
ferrocyanide and acetic acid, Scheffer, De^-enter, Ber. d. deutsch. chem. 
Gesellsch , 1893, p. 589. Many reactions of nitrous acid may be confused 
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microscopic detection of nitrous acid, see Behbens, Zeitschr. f. analyt. 
Chem., 30, 165. 


§190. 


2, Hypochlorous Acid, HCIO. (JOCyjjochloTous Oxide^ 0L,0.) 

Hypochlorous oxide, CI3O, at tlie common temperature, is a deep 
yellow gas of a disagreeable, irritating odor, similar to that of clilorine. 
It explodes upon heating, decomposing into chlorine and oxygen. It dis- 
solves in water, and the dilute aqueous solution bears distillation. The 
hypochlorites usually occur mixed w’lth metallic chlorides, as is the case, 
for instance, in chloride of lime, €(iii (Ib etc. The solutions of 

hypochlorites undergo alteration by boiling, the hypochlorite being re- 
solved into chloride and chlorate, attended in the case of concentrated, but 
not in that of dilute solutions, with evolution of oxygen. If a solution of 
chloride of lime is mixed with hydrochloric acid or sulphuric acid in 
excess, chlorine is disengaged, while hypochlorous acid is set free by passing 
carlxmic acid into it. $Uctr nitrate throws down silver chloride from a 
solution of chloride of lime which has been so far neutralized with 
nitric acid that it does not yet give an odor of chlorine. The silver hypo- 
chlorite which IS transiently formed, decomposes very soon into silver 
chlonde and chlorate: 3AgCTO = AgClO, + 3AgCa. Lead nitrate pro- 
duces a precipitate which from its original white color changes gradually 
to orange-red, and ultimately, owing to formation of lead dioxide, to brown. 
Manganene salts give brownish- black precipitates of hydrated manganese 
dioxide. Free hypochlorous acid, acting upon mercury^ produces yel- 
lowish-brown mercuric oxychloride (while chlorine gives mercurous ehlo- 
ridei. If so little hypochlorous acid is present, with much chlonne, that 
the color of the precipitate cannot be certainly recognized after the shak- 
ing, the precipitate resulting after long shaking is treated with hydro- 
chloric add (which dissolves the oxychloride, but leaves the mercurous 
chloride unchiing«id), this is filtered, and hypochlorous acid is recognized 
by the presence of mercuric chloride in the filtrate. Hypochlorites may be 
detected even more easily than the free acid by shaking their solutions 
with mercury, because in their presence mercuric oxide is formed, yellow 
In color and gradually becoming red, which adheres to the surface of 


with those of oeom and liydrogtn peroxide^ and in relation to those by which 
they may be dhtinguished (since this subject does not admit of being suf. 
ficiently explained in a concise manner), I will refer to the treatises of Em. 
ScHfiKE, Ber. d. deutsch. chem. Gesellsch., 7, 1693; 11, 482, 561, 874, 1028; 
Zeitschr. f. analyt. Chem., 18, 133; and above all, to the one most recently 
published, t^, 33, 187, in which the work of other investigators upon this 
subject is referred to and discussed. 
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the glass upon shaking. Chlorous and chloric acids, ’when they are com- 
bined with bases, do not attack mercury' (Wolters). Solution of potas- 
sium permanganate is not decolonzed. Solutions of litmus and indigo 
are decolorized somewhat by alkaline solution^* of h^-poehlorites, but 
far more rapidly and completely upon addition of au acid. If a solution 
of arsenious oxide in hydrochloric acid is colored blue with solution of 
indigo, and a solution of chloride of lime lo added, with active stirring, 
the decoloration will take place only after the whole of the arsenious oxide 
has been converted to arsenic acid. 

§ 191. 

8. Chlorous Aoid, HCIO,. {Cklorom Oxide, C1,0,.) 

Chlorous Oxide, ClaOj , is a yellowish-green gas of a jxjculiar and very 
disagreeable odor. It explodes at 57% and is thereby converted into chlo- 
rine and oxygen. It is soluble in water, and the solution has an intensely 
yellow color, even when highly dilute. Most of the chlorites are holuble 
in water, and the solutions readily suffer decomposition, the chlontea being 
resolved into chlorides and chlorates. Silver nitrate precipitates white 
silver chlorite, which is soluble in much water. A solution of potassium 
permanganate is immediately decomposed by free chlorous acid, and a 
brown precipitate separates after some time. Tincture of litrnus and 
solution of mdigo are instantly decolorize^!, even if mixed with arsenious 
acid in excess. If a slightly acidified, dilute solution of a ferrous salt is 
mixed with a dilute solution of chlorous acid, the fluid transiently acipiires 
an amethyst tint, and not until after the lapse of a few seconds, assumes 
the yellowish coloration of ferric salts (Lenssen). 


§ 193 . 


4. Htpophosphobous Acid, H,P0,. 

The concentrated solution of hypophosphorous acid is of a syrupy con- 
sistence, and resembles that of phosphorous acid (seo § 178), with which it 
also has this in common, that it i,s resolved by heating, with exclusion of air, 
into phosphoric acid and hydrogen phosphide gas which is not spontaneously 
inflammable. Almost all hypopho^philes are soluble in water ; and by igni- 
tion, all of them are resolved into phosphates, and hydrogen phosphide 
which in most cases is spoutaueously inflammable, and a portion of which 
decomposes into phosphorus and hydrogen. Barium chloride, calcium 
chloride^ and lead acetate fail to precipitate solutions of hjpophofiphites 
(difference from phosphorous acid). Silver nitrate gives at first with 
hypophosphites a white precipitate of silver hypophosphite, which turns 
black even at the common temperature, but more rapidly on heating, the 
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change of color being attended with separation of metallic silver. From 
excess of hypophosphorous acid precipitates mercurous 

chloride slowly in the cold, but more rapidly on heating. If the nitric acid 
solution of ammonium molybdate 55) is mixed with a liquid contain- 
ing hyix)phosphorous acid, and a few drops of aqueous sulphurous acid 
are added, upon warming gently, a blue precipitate or a fine blue colora- 
fiiMi i^producfjd. Hydrogen sulphide, thiosulphates, chlorates, as well as 
*»tannous chloride, prevent the appearance of this very delicate reaction 
(Millard K A solution of copper sulphate gives with hypophosphorous 
acid, and also with its salts, upon heating, a reddish-brown precipitate of 
cuprous hydride, CuiH^ (Wurtz). When brought together with zinc and 
dilute sulphuric acul^ hypophosphorous acid gives hydrogen oontaining 
hydrogen phosphide (compare phosphorous acid, § 178). 


Third Groujp of Inorganic Acids. 

Acids which are not precipitated by Barium Salts nob by 
Silver Salts: JTitric Acid, Chloric Acid (Perchloric 
Acid). 


§193. 

a, IsiTRic Acid, HNO,. {Nitric Anhydride^ ^,0..) 

1, IsiTRio ANHYDRIDE crjstallizes in six-sided prisms. It 
fuses at 29.5®, and boils at about 45® (Dbville). Nitric acid, 
IIXO, . is a colorless (red when it contains nitrogen peroxide), 
exceedingly corrosive fluid, which emits fumes in the air, exer- 
cises a rapidly destructive action upon organic substances, and 
colors many nitrogenous matters intensely yellow. It boils at 
86®. and has a specific gravity of 1.622. 

2. The NORMAL SALTS of iiitric acid, with few exceptions 
(cinchonamiiie, Arnacd and Fade), are soluble in water, but 
some of the liasic nitrates are insoluble. All nitrates undergo 
decomposition at an intense red heat. Nitrates of the alkili 
metals at first yield oxygen, and change to nitrites ; but after- 
wards they yield oxygen and nitrogen. Some others yield oxy- 
gen and nitrogen peroxide, while many (containing water) give 
off nitric acid. 

8. If a nitrate is thrown upon red-hot charcoal, or if char- 
coal or some organic substance, paper for instance, is brought 
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into contact with a nitrate in fusion, deflagration takes place, 
i.e., the charcoal burns at the expense of the oxygen of the 
nitric acid, with vivid scintillation. 

4. If a mixture of a nitrate w'ith potassium cyanide in 
powder is heated on platinum foil, a vivid deflagration en- 
sues, attended with distinct ignition and detonation. Very 
small quantities only should be used fur this experiment. 

0 . If a nitrate is mixed with copper filings^ and the mixture 
heated in a test-tube with concentrated sulphuric acid, the air 
in the tube acquires a yellowish-red tint, owing to the nitric 
oxide gas which is liberated upon the oxidation of the copper 
by the nitric acid, combining with the oxygen of the air to 
form nitrogen peroxide. The coloration may be observed 
most distinctly by looking lengthwise through the tube. 

6. If the solution of a nitrate is mixed with an equal vol- 
ume of concentrated sulphuric acid^ free from nitric and nitrous 
acids, the mixture allowed to cool, and a concentrated solution 
of ferrous sulphate then cautiously added to it, so that the 
fluids do not mix, the junction shows at first a purple, after- 
wards a brown color, or, in cases where only a very minute 
quantity of nitric acid is present, a reddish color. On mixing 
the fluids a little, the brown zone becomes wider. The nitric 
acid is decomposed by the ferrous salt, three fifths of the oxy- 
gen of nitric anhydride oxidizing a part of the ferrous sulphate 
to ferric sulphate, while the nitric oxide, NO, thus formed, 
combines with more of the ferrous sulphate to form ai^eculiar 
compound which dissolves in water with a brownish-black 
color. Considerable amounts of chlorides interfere with the 
delicacy of the reaction. A similar reaction is observed in 
presence of selenious acid ; but on mixing the fluid and letting 
it stand, red selenium separates (Witibtock). 

7. If a little hydrochloric acid is boiled in a test-tube, one 
or two drops of very dilute solution of indigo in sulphuric acid 
are added, and the mixture is again boiled, the liquid remains 
blue (if the hydrochloric acid was free from chlorine). If a 
nitrate, either solid or dissolved, is now added to the faintly 
light blue solution and it is again boiled, the liquid is decolor- 
ized on account of the destruction of the indigo. The addi- 
tion of sodium chloride increases the delicacy of this (in its 
simple form) very delicate reaction. It must be borne in 
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mind, hoTrever, that several other oxidizing agents, especially 
free chlorine, also cause decoloration of solution of indigo. 

8. If a little hnidne is dissolved in a porcelain dish or upon 
a watch-glass, in pure concentrated sulphuric acid *and a drop 
of a fluid containing nitric acid added to the edge of the solu- 
tion, the latter immediately acquires a magnificent red color 
at the place of contact. This reaction is extraordinarily deli- 
cate. The bright red color soon passes into reddish-yellow. 
Chloric acid gives a similar reaction. 

9. If 1 part of phenol {carbolic add) is dissolved in 4 parts 
of concentrated sulphuric acid, and 2 parts of water are 
added, and a drop or two of this fluid added to a solid 
nitrate (c.gr., to the residue obtained by evaporating a small 
amount of well-water containing nitrates), a reddish-brown 
color is produced, from the formation of a nitro-compound of 
phenol. On addition of a drop or two of strong ammonia, 
this color turns yellow, sometimes passing through a green 
shade. This is a very delicate reaction (H. Spbbngel). It 
may also be carried out by adding one or two drops of the 
liquid to be tested to some pure concentrated sulphuric acid, 
then adding a crystal of phenol and wai'ming a little ; and also 
by acidifying the liquid to be tested for nitric acid strongly 
with hydrochloric acid, adding a little phenol, and heating to 
about 80° or 90°. In the presence of nitric acid, a dark colora- 
tion always takes place, which is generally red or brown, but 
under certain conditions is green (H. Haoeb). 

10. If a little xiure concentrated sulphuric acid is poured , 
over a few crystals of diphenylamine, a little water is added, 
and the resulting solution is mixed with more concentrated 
sulphuric acid, an excellent reagent for nitric acid is ob- 
tained, which is best adapted for the detection of very small 
quantities when it contains only 1 mg of diphenylamine in 
10 cc. If only about .5 cc of this solution are placed upon a 
watch-glass or the inverted cover of a porcelain crucible, and 
a drop of the liquid to be tested for nitric acid is allowed to 


* In cnnMquence of containing a small quantitj of oxides of nitrogen, 
the common, pure concentrated sulphuiic acid of commerce usually gives, 
with brucine alone, a rose-red coloration. But such an acid may be easily 
purified by diluting it with water to a specific gravity of 1.4, and heating it to 
bdling for a long time, best In a platinum dish. 
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fall into the middle of the reagent, there is formed, to the 
extent to which the liquids mix, a ring of a magnificent blue 
color (E. Kopp). This very delicate reaction may also be 
carried out by adding a few drops of the sulphuric acid salt 
of diphenylamine to the liquid to be tested for nitric acid, 
then adding pure concentrated sulphuric acid in such a man- 
ner that two layers are formed. The blue colorations gradu- 
ally change to green, and finally disappear. The interpretation 
of the reactions requires caution, since many other substances 
also give a blue coloration, e.gr., nitrous, chloric, hypochlorous, 
bromic, iodic, vanadic, chromic, permanganic, and molybdic 
acids, and also ferric salts, hydrogen peroxide, and barium 
peroxide (Laar). 

11. If a few drops of sulphate of paratdl uidine solution are 
added to the solution of a nitrate, and then an equal volume of 
concentrated sulphuric acid, -with the precaution that the 
liquids do not mix, there appears at once at the surface 
of contact of the two liquids a red zone, the color of 
which slowly changes to dark yellow.* The reaction is 
not as delicate as those given by brucine or diphenyla. 
mine, but, on the other hand, it is adapted for the de- 
tection of nitric acid in the presence of small quantities 
of nitrous acid, since the latter produces at first a yel- 
lowish or yellowish-brown coloration, which changes to red 
only after some time (Longiu Chloric acid and other oxidiz- 
ing agents yield similar colorations, 

12, Very minute quantities of nitric acid may be detected, 
also, by first reducing the nitric acid to nitrous acid, which 
may be effected both in the wet and in the dry way ; in the 
former, by heating the solution of the nitric acid or of the 
nitrate for some time with finely divided zinc, best with zinc 
amalgam, and then filtering (SCHr>XBEiN) ; in the dry way, by 
fusing the substance with sodium carbonate at a moderate 
heat, extracting the mass, after cooling, with water, and filter- 
ing. Upon adding either of the filtrates to a solution of 

*The reaction may be also produced with a sulphuric acid solution of an 
aniline oil which contains aniline and paratolnidine. C. D. Braun recom- 
mended such a solution as early as 1867 (Zeitschr. f. analyt. Chem., 6, 72). 
The manner of canying out the operation, as recommended by him, varies 
somewhat from that given by Longx. 
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potassium iodide mixed with starch paste%and pure dilute 
sulphuric acid, the fluid acquires a blue color from iodized 
starch (compare g 189). 

13. If a nitrate is brought into a solution of potassium 
hydroxide, and some aluminium or some zinc and iron filings 
are added, ammonia is set free upon gentle heating, and this 
may be readily detected by § 96, 3 or 4. Of course, nitrous 
acid gives the same reaction. 

14. In relation to the microscopic detection of nitrates, see 
Haushofeb, p. 115 ; Behbess, Zeitschr. f. analyt. Chem., 30, 
165. 


§194 

h. Chlobio Acid, EOlO,. 

1. Ohlobic ACm, in its most highly concentrated solution, 
Is a colorless or slightly yellowish fluid, having a faint odor 
resembling that of nitric acid. It first reddens litmus, then 
bleaches it. Dilute chloric acid is colorless and odorless. 

2. All CHLORATES are soluble in water. When they are 
heated to redness, either the whole of the oxygen escapes 
and metallic chlorides remain, or chlorine and the oxygen of 
the chloric anhydride are evolved, while oxides remain behind 
(chlorates of the earth metals). 

3. Heated with charcoal or some organic substance, the 
chlorates deflaobate, and with far greater violence than the 
nitrates. 

4. If a mixture of a chlorate with potassium cyanide is heat* 
sd on platinum foil, DEFLAaBAHOH takes place, attended with 
strong detonation and ignition, even though the chlorate is 
present only in minute quantity. This experiment should be 
made with very small quantities and toith great caiution / 

5. E the solution of a chlorate is colored light blue with a 
sulphuric acid sdvtion of indigo, a little dilute sulphuric acid 
added, and a solution of sodium sulphite dropped cautiously 
into the blue fluid, the color of the indigo disappears im- 
mediately. The cause of this equally characteristic and deli- 
cate reaction is, that the sulphumns acid deprives the chloric 
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acid of its oxygen, thus setting chlorine or a lower oxide of 
it free, which then decolorizes the indigo. An excess of 
sulphurous acid is evidently to be avoided, because otherwise 
hydrochloric and sulphuric acids are produced. 

6. If chlorates are treated with moderately dilute hydro^ 
chloric add, the constituents of the two acids transpose, 
especially upon heating, forming water, chlorine, and chlorine 
peroxide, CIO,. In this process, the test-tube in which the 
experimer^i^^s made becomes filled with a greenish-yellow 
gas of a Yt^ f disagreeable odor, resembling that of chlorine, 
while the hydrochloric acid acquires a greenish-yellow color. 
If the hydrochloric acid is colored blue with indigo solu- 
tion, the presence of very minute quantities of chlorates will 
suffice to destroy the indigo color at once. 

7. If a little chlorate is added to a few drops of concent 
trated sulphuric acid in a watch-glass, the liberated chloric acid 
breaks up into perchloric acid and chlorine peroxide : 3H010, 
= HOIO^ + 2010, H,0. Chlorine peroxide imparts an 
intensely yellow tint to the sulphuric acid, and betrays its 
presence also by its characteristic and very disagreeable odor* 
The application of heat must be avoided in this experiment, 
and the quantities operated upon should be very small, since 
otherwise the decomposition may take place with such violence 
as to cause a dangerous explosion, for the greenish-yellow 
chlorine peroxide explodes at as low a temperature as 60*^. 

8. If a drop of an aqueous solution of the sulphuric acid 
salt of aniline is added to the solution of a chlorate in con- 
centrated sulphuric acid, prepared as in 7, a deep blue color- 
ation of the liquid is produced, which is increased by addinpf 
a few drops of water. This is a very delicate reaction, which 
nitric acid does not give (YiTAiil). 

9. Towards solutions of brucine (Luck), diphenyhmine, 
paratcluidine, and also phend in concentrated sulphuric acid, 
chloric acid behaves like nitric acid, or at least so similarly 
that the two acids cazmot be certainly distinguished by these 
reagents. On the other hand, chloric acid may be distin- 
guished from nitric acid according to 8, as well as by phend 
in hydrochloric acid solution (compare § 193, 9), since chloric 
acid produces in such a solution, according to circumstances, 
an orange-red turbidity or a transient yellow coloration. 
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10. If a dilute, aqueous solution of an alkali-metal chlorate 
is boiled with the dement^ of Gladstone and Tbibe, 

complete reduction to alkali-metal chloride takes place, with 
separation of zinc oxide (Thobpe and Eccles). In solutions 
acidified by sulphuric acid, the chloric acid set free is con- 
verted into hydrochloric acid by the nascent hydrogen pro- 
duced when zinc is added. 


§ 195. ^ 

JRecapittiation and Rernarks . — Of the reactions which have 
been given to effect the detection of nitric acid, those with 
ferrous sulphate and sulphuric acid, with copper filings and sul- 
phuric acid, and also those based upon the reduction to nitrites 
or to ammonia, give the most positive results. With regard to 
deflagration with charcoal, detonation with potassium cyanide, 
decoloration of solution of indigo, and the delicate reactions 
with brucine, diphenylamine, and paratoluidine, it has been 
shown that these reactions give no certain distinction, and are 
consequently decisive only where no chloric acid is present. 
The presence of free nitric acid in a fluid may be detected by 
evaporating it to dryness in a porcelain dish on the water-bath, 
having first thrown in a few white quill-cuttings. A yellow 
coloration of the latter shows the presence of nitric acid 
(Bunge). The best way to ascertain whether or not ohloeio 
ACID is present (in the absence of other oxygen compounds of 
chlorine) is to ignite the substance, with addition of sodium 
carbonate, dissolve the mass, and test the solution with silver 
nitrate. If a chlorate was present, this is converted into a 
chloride upon ignition, and silver nitrate produces a precipi- 
tate of silver chloride. However, the process is thus simple 
only if no chloride is present with the chlorate. In presence 
of a chloride, the chlorine of the latter must be removed by 
adding silver nitrate to the solution as long as a precipitate 
C(^iitiunes to form, and filterings after addition of pure 
sodium carbonate, the filtrate is then evaporated and ignited. 

♦ The copper-zinc element is obtained by treating thin sheet-zinc with 1 
per cent copper sulphate Holution, whereupon the zinc becomes black from 
precipitated copper. After washing and drying, the element is ready for use. 
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It is generally unnecessary, however, to pursue this circuitous 
way, since the reactions with concentrated sulphuric acid, 
with indigo and sulphurous acid, as well as with the sulphuric 
acid salt of aniline, are sufficiently marked and characteristic 
to afford positive proof of the presence of chloric acid, even in 
presence of nitrates. The best way of detecting nitric acid in 
presence of a large proportion of chloric acid is to mix tlie sub- 
stance with sodium carbonate in excess, evaporate if necessary, 
ignite the residue moderately, but sufficiently long to convert 
the chlorate into chloride, and then test the residue for nitric 
acid, or for nitrous acid. If it is desired to detect nitric acid in 
the presence of nitrous acid, pure urea is added to the aqueous 
solution, and the liquid is slowly added to a solution of urea 
in dilute sulphuric acid. The decomposition of the nitrous 
acid then takes place at once, with the evolution of nitrogen 
and carbonic acid. If potassium iodide and dilute starch 
paste are added as soon as the reaction is finished, the liquid 
remains colorless. If a little finely divided zinc is now added, 
the blue coloration which appears (§193, 12) shows the presence 
of nitric acid (PiooiNl).* 


Perchloric Acid, HC104. 

The anhydride of perchloric acid is unknown. Perchloric aoip forms 
a colorless, corrosive liquid, which gives dense fumes in the air, and 
decomposes with violent explosion after some time when kept, but at once 
when dropped upon charcoal, wood, or paper. The hydrate, HClO«.HtO, 
crystallizes m needles. The acid and the crystals dissolve in water with 


* In regard to the detection of nitric acid in the presence of nitrous acid, 
see also Loxoi, Zeitschr. f. analyt Chem., 23, 852 ; couceming the detection 
of nitric acid In solutions containing iodides, bromides, chlorates, hromates, 
iodates, etc., see Loxgi, 23, 149; and in relation to the detection of 
chloric acid beside hydrochloric, hydrobromic, hydriodic. hydrocyanic, 
hydroferrocyanicand hydroferricyanic acids, and also bromic and itKiic acids, 
see Longi, iWtf., 23, 70. In regard to further means of detecting small 
quantities of nitric acid, see Breal, Chem. Oentralbl., 1888, p. 864 ; Lindo, 
ibid*, 1888, p. 1442 ; Robbnfeld, Zeitschr. 1 anabi;. Chem., 29, 661 ; v. 
UuRAirszET, 29, 782 ; and in relation to the detection of chloric acid 
in presence of nitric acid, see B^hal, Chem. Oentralbl., 1886, p. 124. 
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the prodoction of much heat. By distillation, the dilute solution gives 
first water, then dilute acid, and finally concentrated acid. All perchlo- 
rates are soluble in water, most of them freely. They are all decomposed 
by Ignition, those with alkali bases leaving chlorides behind, with disen- 
gagement of oxygen. In not too dilute solutions, potassium salts produce 
a white, crystalline precipitate of potassium perchlorate, EOIO 4 , which is 
spanugly soluble in water, but insoluble in alcohol. Bariim salts and silver 
salts are not precipitated. Concentrated siilphunc acid fails to decompose 
perchloric acid in the cold, and decomposes it with difficulty on heating 
Milference from chloric acid). Hydrochloric acid, nitric acid, and sulphur- 
ous acid fail to decompose aqueous solutions of perchloric acid or perchlo- 
rates ; and therefore solution of indigo, previously added to it, is not decolor- 
ized (difference from all other acids of chlonne). Alkali-metal perchlorates 
are not reduced by the copper-zmc element (§ 194, 10, difference from 
chloric acid). 


II. Organic Acids. 

First Group. 

The acids of the first group are decomposed partially 
or entirely by ignition ; * also by boiling with concentrated 
nitric acid.t Their normal calcium salts are insoluble or 
difficultly soluble in water. The solutions of their normal 
alkali-metal salts are not precipitated nor colored by ferric 
chloride : oxalic acid, tartaric acid {racemic acid), oitbio 
A aD, MALIC ACID. 


§ 197 . 

a. OxALio Acid, 

The reactions of this acid have already been giren in 
§ 175 . 


6. Tabtakic Acid, 

1> Tabxabio Acn> forzas colorless crystals of an agreeable, 
acid taste, which are stable in the air, and soluble in water 

* Oxalic add, when cautiously heated, partially sublimes unaltered. 

+ The decomposition of oxalic add by boiling nitric add into carbon di. 
oxide and water is slow. 
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and in alcohol. It is but slightly soluble in ether (.4 : 100> 
according to E. Boubgoin). Heated to 100", tartaric acid loses 
no water ; heated to 170®, it fuses ; while at a higher tempera- 
ture, it becomes carbonized, emitting during the process a 
very peculiar and highly characteristic odor, which resembles 
that of burnt sugar. Aqueous solution of the commonly 
occurring tartaric acid, as also of almost all tartrates, turns 
the plane of polarization of light towards the right. There 
is, however, a left-rotating or hevo-tartaric acid, which, in 
its crystalline form, differs somewhat from the ordinary or 
dextro-tartaric acid, but otherwise both show the same re- 
actions. 

2. The TAHTUATES of the alkali metals are soluble in 
water, as are some others, for example, aluminium and ferric 
tartrates. Evaporated on the water-bath to a synipy consist- 
ence, the solution of ferric tartrate deposits a pulverulent 
basic salt. Those tartrates which are insoluble in water 
dissolve in hydrochloric or nitric acid. Many tartrates 
which are insoluble or difficultly soluble by themselves form 
with alkali- metal tartrates double salts, soluble in water. 
When heated to redness, the tartrates suffer decomposition, 
charcoal separates, and the same peculiar odor is emitted as 
attends the carbonization of the free acid. 

3. If to a solution of tartaric acid, or to that of an alkali 
tartrate, solution of an cdumininm or a ferric salt is added in 
not too large proportion, and then ammonia or potassium 
hydroxide, no precipitation of aluminium or ferric hydroxide 
takes place, since the double tartrates formed are not decom- 
posed by alkalies. Tartaric acid also prevents the precipita- 
tion of several other hydroxides by alkalies (as do citric acid, 
malic acid, etc.). 

4. Free tartaric acid produces with potassium salts — best 
with the acetate — a sparingly soluble precipitate of hyduogen 
POTASSIUM TABTBATE, BCKO^H^O*. The same precipitate is 
formed when potassium acetate and free acetic acid are 
added to the solution of the normal tartrate. Hydrogen 
potassium tartrate dissolves readily in alkalies and mineral 
acids ; but tartaric and acetic acids do not increase its solu- 
bility in water. The separation of the hydrogen potassium 
tartrate precipitate is greatly promoted by shaking, or by 
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rubbing the sides of the vessel with a glass rod. In order 
that the reaction may be delicate, the tartaric acid solution 
should be very concentrated. The addition of an equal 
volume of alcohol heightens the delicacy of the reaction. In 
the presence of boric acid, the reaction appears only when 
potassium fluoride is used instead of potassium acetate, since 
this forms potassium borofluoride, and prevents the produc- 
tion of the very soluble compound containing boric acid, tar- 
taric acid, and potassium (Babfoed). 

5. From solutions of normal tartrates, calcium chloride 

added in excess * throws down a white precipitate of calcium: 
TABTBATE, Presence of ammonium salts re- 

tards the formation of this precipitate for a more or less con- 
siderable space of time. Agitation of the fluid or friction on 
the sides of the vessel promotes the separation of the pre- 
cipitate. The precipitate is crystalline, or invariably becomes 
so after some time ; and dissolves to a clear fluid in a cold, 
not too dilute solution of potassium or sodium hydroxide 
which is pretty free from carbonate. But upon boiling the 
solution, the dissolved calcium tartrate separates again in the 
form of a gelatinous precipitate, which redissolves upon 
cooling. 

6. Lime-water added in excess * produces in solutions of 
normal tartrates — and also in a solution of free tartaric acid, if 
added to alkaline reaction — white precipitates which, while 
flocculent at first, assume afterwards a crystalline form. As 
long as they remain flocculent, they are readily dissolved by 
tartaric acid as well as by solution of ammonium chloride. 
From these solutions, the calcium tartrate separates again, 
after the lapse of several hours, in the form of small crystals 
deposited upon the sides of the vessel. 

7. Sdution of calcium cdphate added in excess* fails to 
produce a precipitate in a solution of tartaric acid ; but in 
solutions of normal tartrates of the alkali metals, it produces 
a trifling precipitate after some time. 


* Potassium or sodium tartrate dissolves calcium tartrate (as well as 
certain other salts insoluble in water, such as calcium phosphate, barium 
sulphate, etc.). Hence the alkali tartrate must be ftilly decomposed by the 
reagent before the reactions depending upon the separation of calcium tar- 
trate can take place. 
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8. If solution of ammonia is poured upon even a very 
minute quantity of calcium tartrate, a small fragment of crys- 
tallized silver nitrate is added, and the mixture is slowly and 
gradually heated, the sides of the test-tube are covered with 
a bright coating of metallic silver. If, instead of a crystal, 
solution of silver nitrate is used, or heat is applied more 
rapidly, the reduced silver will separate in a pulverulent 
form (Arthur Casselmantjj. 

9. Lead acetate produces w’hite precipitates in solutions 
of tartaric acid and its salts. The washed precipitate, 
PbO^H^O,, dissolves readily in nitric acid, and in ammonia 
free from carbonic acid. 

10. Silver nitrate does not give a precipitate with free tar- 
taric acid ; but in solutions of normal tartrates, it produces a 
white precipitate of silver tabtilvte, AgjC^H^Oe, which dis- 
solves readily in nitric acid and in ammonia. Uj^on boiling, it 
turns black, owing to reduced silver. 

11. If there is added to a solution of free tartaric acid, or 
to that of an alkali-metal tartrate, a small quantity of ferrom 
chloride or ferrous sulphate^ then one or two drops of hydrogen 
peroxide or some small particles of sodium peroxide^ and 
finally an excess of sodium or potassium hydroxide solution, 
a beautiful violet coloration a2)pears. The reaction is not 
very delicate, but it permits tartaric acid to be distinguished 
from citric, malic, and succinic acids (Fenton). 

12. If tartaric acid or a tartrate is heated in a test-tube, 
with concentrated sulphuric acid, upon the water-bath, a 
browning of the sulphuric acid occurs almost simultaneously 
with the evolution of gas (difference from citric acid), 

13. If a saturated solution of potassium dichromate is 
poured over a crystal of tartaric acid at the ordinary tem- 
perature, carbonic acid is given off, and the zone surrounding 
the tartaric acid crystal is colored purplish-violet to black 
(means of detecting tartaric acid in citric acid, for this is col- 
ored coffee-brown, and, in fact, very slowdy, Cailletet). This 
reaction may be carried out with an aqueous solution of tar- 
taric acid. This is mixed with dilute sulphuric acid, one or 
two drops of a solution of potassium chromate are added, 
and it is heated for some time, whereupon the yellow color 
changes to the blue-violet of a chromic salt solution ^Salzeb), 
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14. If a weakly acid solution of amynoniuni mcHybdate is 
mixed witli some tartaric acid, one or two drops of hydrogen 
peroxide, or a trace of sodium peroxide (but not more) are 
added, and it is gently warmed (60°), the original wine-yellow 
color changes through green to blue (Obismeb). 

15. If there are added to some solid tartaric acid or to a 
tartrate a few drops of a solution of resorcin in concentrated 
sulphuric acid (about 1:100), and the mixture is warmed 
until sulphuric acid vapors just begin to escape, the liq^uid 
assumes a beautiful wine-red color. This reaction permits 
the detection of even the minutest quantities of tartaric acid 
(E. MoHiEn). 

10. Concerning the microscopic detection of tartaric acid, 
see HArsHOFEE, p. 85. 


§ 198. 
c. CiTEic Acid, 

1. Crystallized citeio acid, obtained by the cooling of 
its solution, has the formula C,H,0,.H,0. It forms pel- 
lucid, colorless, and inodorous crystals of an agreeable, 
strongly acid taste, which dissolve readily in water and in 
alcohol, more difficultly in ether (2.26 : 100), and effioresce 
slowly in the air. When pulverized and heated gradually to 55°, 
the acid losesits water of crystallization (SaCjZEB); when subject- 
ed to the action of a stronger heat, it fuses at first, and after- 
wards carbonizes, with evolution of pungent acid fumes, the 
odor of which may be readily distinguished from that emitted 
by tartaric acid upon carbonization. The aqueous solution 
of citric acid is optically inactive. By heating with moder- 
ately dilute nitric acid, in addition to nitro-compounds, oxalic 
and mesaconic acids are formed. 

2. The dTBATES with alkali bases, whether normal or acid, 
are readily soluble in water, and therefore, solution of citric 
acid is not precipitated by potassium acetate. Yaxious citrhtes 
containing weak bases, such as ferric citrate, are also 
freely soluble in water. Evaporated on the water-bath 
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to a syrupy consistence, tlie solution of ferric citrate deposits 
no solid salt. Citrates, like tartx’utes, and for the same reason^ 
preyent the precipitation of aluminium and ferric hydroxides, 
etc., by alkalies. 

3. Calcium chloride fails to produce a precipitate in solu- 
tion of free citric acid, even upon boiling ; but a precipitate of 
N0E3IAL CALCIUM CITKATE, Ca 3 (C,H, 0 ,j„. 4 H 30 , forms im me Jiateiy 
upon saturating with potassium or sodium hydrf>xide, the 
somewhat concentrated solution of citric acid mixed with 
calcium chloride in equivalent amount or in slight excess.* 
The precipitate is insoluble in potassium or sodium hydrox- 
ide, readily soluble in alkali citrates, and rather more difficultly 
so in calcium chh^ride. It also dissolves freely in solution 
of ammonium chloride, and upon boiling this solution, if it is 
not prepared with too much ammonium chloride, normal cal- 
cium citrate separates again in the form of a wrhite, crystalline 
precipitate, which, however, is now no longer soluble in am- 
monium chloride. If a solution of citric acid mixed with 
calcium chloride, as described above, is saturated with 
ammonia, or if ammonium chloride, calcium chloride, and 
ammonia are added to the solution of an alkali citrate, a 
precipitate will form in the cold only after many hours* stand- 
ing or upon the addition of alcohol ; but upon boiling the 
clear fluid, normal calcium citrate of the properties just stated 
will suddenly precipitate. By heating calcium citrate with 
ammonia and silver nitrate, the latter salt is not reduced, or 
only to a trifling extent 

4. Lime-water added in excess* produces no precipitate in 
cold solutions of citric acid or of citrates. But upon boiling 
some time with a tolerable excess of hot-prepared lime-water, 
a white precipitate of calcium citbate is formed, the greater 
portion of which redissolves upon cooling. 

5. Barium cwetaie added in excess to a solution of an alkali 
citrate, whether hot or cold, produces an amorphous preoip- 


* Alkali citrates dissolve calcium citrate, and are effective solvents for many 
compounds insoluble in water (barium sulphate, calcium phosphate, calcium 
oxalate, etc.). Hence sufficient calcium chloride or hydroxide must be added, 
so that the alkali citnite is fully decomposeil by the reagent, in order that the 
reactions in 8 and 4, depending upon the separation of calcium citrate, may 
succeed. 
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itate of the formula Ba.(CAO,).-7H.O. Barium hydroxide 
solution added in excess to citric acid produces the same pre- 
cipitate. This does not make its appearance in dilute solu- 
tions, because it is not insoluble in water, but if such solutions 
are heated, a precipitate separates, which is first amorphous, 
and soon changes to microscopic needles of the formida 
Ba,(C,H,0,),.5H,0. On heating this or the amorphous salt with 
excess of barium acetate for two hours on the water-bath, an. 
other xery characteristic salt is formed. The latter consists 
of well-formed clinorhombic prisms, and has the formula 
Ba,(0,H,0,),.3^H,0. If the solution is very dilute, the salt does 
not form till after evaporation. This is an infallible reaction 
tor citric acid (H. K.v3iaEEBEB). 

6. Lead acetate added in excess to a solution of citric acid 
produces a white, amorphous precipitate of lead atTBATE, 
which after washing is readily soluble in ammonia free from 
carbonate. By digestion for several hours with water or 
acetic acid on the water-bath, the precipitate becomes crys- 
talline, and then has the formula Pb,(0,H,0,),.3B[,0. The 
microscope does not reveal the presence- of well-formed 
crystals. 

7. In solutions of normal citrates of the alkali metals, sUver 
nifrafe produces a white, flocculent precipitate of silver 
cmsATE, Ag,C,H,0,. On boiling a rather large quantity of 
this precipitate with only a little water, a gradual decompo- 
sition sets in, with separation of silver. 

8. Upon heating citric acid or a citrate with conaemtrated 
evlphuric acid upon the water-bath, carbon monoxide escapes 
at first, then carbonic acid and acetone also, the sulphuric 
acid retaining its natural color. Upon continued boiling, how- 
ever, the solution acquires a dark color, and sulphurous acid 
is evolved. 

9. If citric acid {e.g., .01 g) with excess of ammonia solution 
(3 cc) is introduced into a strong glass tube closed at one end, 
the tube is sealed in such a manner that only a small amount 
of free space is left above the liquid, and heated for six hours 
at 110° or 120°, and the liquid is then allowed to stand ex- 
posed to the air in a porcelain dish, an intensely blue or green 
product is obtained (difference from oxalic, tartaric, and malic 
acids, means of detecting small amounts of citric acid in 
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ihe presence of these acids, Sabasde^aei, Sabanie and 
liASEOWSEl')- coloration characteristic for citric acid is 

also obtained when the acid is heated with a little thich 
glycerine (about .7 parts), at as low a temperature as possible, 
until the mass begins to puff up, the residue is dissolved in 
ammonia, the greater part of this is evaporated, and a little 
water and then two drops of red, fuming nitric acid which has 
been dilated with 5 parts of water, are added. Upon heating 
on the water-bath, the color, which is green at first, changes 
to blue (Make). The reaction also appears when a minute 
amount of hydrogen peroxide is added instead of the nitric 
acid. 

10. In relation to the microscopic detection of citric acid, 
see also Haushofeb, p. 75. 


§ 199. 

d . Malic Acid, H,C,H,0,. 

1. Malic acid crystallizes with difficulty, forming crystal- 
line crusts or tufts of needles, which deliquesce in the air, and 
dissolve readily in water and in alcohol. The dilate aqueous 
solution of ordinary malic acid rotates a ray of polarized 
light towards the left (there is an artificial, inactive acid, and 
also one which is dextro-rotary). Exposed to a temperature 
of 140® or 150®, malic acid is slowly converted, with loss of 
water, into fumaric acid, "When heatetl behveeA 

150° and 200° in a glass tube or a retort, malic acid yields 
fumaric acid, which remains behind, while water and maleic 
anhydride, OjHjO,, are given off. The latter then partially 
combines with water, forming maleic acid, TTpon 

heating above 200°, the fumaric acid also volatilizes, partly 
undecomposed. The crystalline sublimates produced, which 
are deposited in the glass tube above the heated part or in 
the neck of the retort, are very characteristic for malic acid. 
By heating with nitric acid, malic acid readily yields oxalic 
acid, with evolution of carbon dioxide. 
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2. With most bases, malic acid forms salts soluble in water. 
Hydrogen potassium malate is not difficultly soluble in water j 

therefore, potassium acetate fails to precipitate solutions 
of malic acid. This acid, like tartaric acid, prevents the pro- 
cipitation of ferric hydroxide, etc., by alkalies. 

3. If ctjUdum cMoride, ammonium chloride, and ammonia in 
excess are added to a solution of malic acid or an alkali-metal 
malate, the solution remains clear, and no precipitate is 
formed (if the amount of ammonium chloride was not too 
slight) even upon protracted boiling (difference from citric 
acid). If, however, two or three volumes of alcohol are added, 
CALCTCM MALATE, CaC,H,0,.3H,0, separates in white flocks. 
If the fluid is previously heated nearly to boiling, and hot 
alcohol is added in no greater quantity than is just necessary 
for the precipitation, the precipitate is deposited in the form 
of soft lumps, which adhere to the sides of the vessel; and on 
cooling, they harden and crumble by pressure to a crystalline 
powder (Baefoed). When heated with ammonia and silver 
nitrate, calcium malate causes no separation of silver, or 
hardly any. Calcium malate dissolves in boiling lime-water 
(difference and means of separation from calcium citrate, 
Fleischer). 

4. Lime-water produces no precipitate in solutions of free 
malic acid, nor in solutions of malates. The fluid remains 
perfectly clear even upon boiling, provided the lime-water was 
prepared with boiling water. 

5. Lead acetate throws down from solutions of malic acid 
and of malates, a white precipitate of lead malate, FbO^H^O,. 
3H,0. The precipitation is most complete if the fluid is 
neutralized by ammonia, as the precipitate is slightly soluble 
in free malic acid and acetic acid, and also in ammonia. If 
the liquid in which the precipitate is suspended is heated to 
boiling, a portion of the precipitate dissolves, and the 
remainder fuses to a mass resembling resin melted under 
water. Upon cooling the hot solution, the salt separates in 
needles or pistes. To obtain this fusion of lead malate 
with small quantities, warm at first gently till the precipitate 
has shrunk together, then pour off the principal part' of 
the fluid, and heat the rest with the precipitate to 

This reaction is distinctly marked only if the lead malate is 
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tolerably pure ; for if mixed with other lead salts — or 
if, for instance, ammonia is added to alkaline reaction — 
it is only imperfect or fails altogether to make its appear- 
ance. 

6. From solutions of normal malates of the alkali metals, 
stiver nitraie throws down a white precipitate of silver 
JIALATE, Ag,0,H,0, , which upon long standing or boiling turns 
a little gray. 

7. On TniTing the warm solution of free malic acid with 
magnesia or magnesium carbonate, till the acid reaction is 
destroyed, filtering, evaporating, and mixing the hot solution 
with hot alcohol, magnesium malate, 3IgC,H,0,, separates 
as a glutinous mass on the sides of the vesseL It becomes 
hard upon cooling. Malic acid cannot be distinguished from 
citric acid by this reaction (Babfoed). 

8. Upon heating malic acid with concentrated sulphirio 
acid on the water-bath, carbon dioxide and carbon monoxide 
are evolved at first ; then the fluid turns brown and ultimately 
black, with evolution of sulphur dioxide. 

9. In regard to the microscopic detection of malic acid, see 
Haushoeeb, p. 67. 


§ 200 . 


RsNipU^dcdicn and Jimmies.’-- Of the organic acids of this 
group, ovat.to acid is characterized by the fact tliat gypsum 
solution causes a precipitation in solutions of the free acid, or 
of its alkaU-metal salts acidified with acetic acid. Tartabio 
A can is characterized by the sparing solubility of the hydrogen 
potassium salt, the solubility of the calcium salt in cold solu- 
tions of sodium and potassium hydroxides, the reaction of the 
calcium salt with ammonia and silver nitrate, and the peculiw 
odor which fhe acid and its salts emit upon heating. It is 
most safely detected in presence of the other acids by means 
of potassium acetate or potassium fluoride (§ 197, 4). Without 
the reactions which are based upon the observation 
of characteristic tartaric acid salts, the reactions given in § 197, 
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11, 13, 14, and 15, allow tartaric acid to be distinguished from 
citric, malic, and also succinic acids, and permit its detection 
in their presence. Reaction 12 is also well adapted for the 
detection of tartaric acid iu the presence of citric acid, for the 
latter gives only a lemon-yellow and no brownish to reddish 
liquid when heated in a test-tube upon the water-bath with 
concentrated sulphuric acid (1 g with 10 cc). (E. Schmidt, 
PuscH).'*'' Citric acid is usually recognized by its reaction 
with lime-water, or with calcium chloride and ammonia in 
presence of ammonium chloride ; but in this, the absence or 
the removal of oxalic and tartaric acids is always presup- 
posed, and also the employment of a sufficient qnantity of lime- 
water or a properly regulated amount of calcium chloride. 
A very safe characteristic of citric acid consists in the 
microscopic appearance of its barium salt (§ 198, 5), and also 
the production of the blue or green decomposition product 
mentioned in g 198, 9. Malic acid would be sufficiently 
characterized by the deportment of lead malate when heated 
under water, were this reaction more sensitive, and not so 
easily prevented by the presence of other acids. The safest 
means of identifying malic acid is to convert it into maleic 
acid and fumario acid by heating in a glass tube ; but this 
conversion can be effected successfully only with pure malic 
acid. Lead malate is sparingly soluble in ammonia, while the 
citrate and tartrate of lead dissolve freely in ammonia which 
is free from carbonic acid. This different deportment of the 
lead salts of the acids affords a means of distinguishing 
them. Calcium citrate and malate may be separated by 
means of boiling lime-water, which dissolves the latter and 
leaves the former behind. Malic acid may be detected also 
in the presence of citric (and succinic) acid by mixing the solu- 
tion, after acidifying it with a few drops of sulphuric acid, 
with a little potassium dichromate, and heating to boiling, 
whereupon, in the presence of malic acid, an odor of fresh 
apples is given off (Papasogli and Pou). If only one of 
the four acids is present in a solution, lime-water will suf- 


* Ooncernisg tho distinction of tartaric acid from the other organic adds 
hy means of hexamine cobaltic chloride, compare C. D. Braun, Zdtschr. t 
analyt. Ohexo., 7, 849. 
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fice to indicate which one it is ; since malic acid is not pre- 
cipitated by this reagent, citric acid is precipitated only upon 
boiling, while tartaric acid and oxalic acid are thrown down 
in the cold, and the calcium tartrate redissolves upon addi- 
tion of ammonium chloride, while the oxalate does not. If 
the four acids together are present in a solution, the oxalic 
and tartaric acids are usually precipitated first by calcium 
chloride and ammonia, in presence of ammonium chloride. 
But it must be noted here that the calcium tartrate requires 
some time (about two hours) for a precipitation that is toleral dy 
complete (it is separated from the oxalate by sodium hydroxide 
solution), and also that an alkali citrate when present in any 
quantity prevents the thorough separation of oxalic acid and 
still more of tartaric acid. On cautiously adding alcohcd in 
moderate quantity to the filtrate, the calcium citrate sepa- 
rates (and with it the rest of the calcium oxalate and tartrate). 
On filtering, and mixing the filtrate with more alcohol, calcium 
malate is thrown down, From the latter, the acid is prepared by 
dissolving it in acetic acid, adding alcohol, filtering if neces- 
sary, mixing the filtrate with lead acetate, neutralizing with 
ammonia, washing the precipitate, suspending it in water, 
treating with hydrogen sulphide, filtering, and evaporating the 
filtrate to dryness. 

A better method for the detection of malic acid in the 
presence of the three other acids consists in combining 
the acids with ammonia, concentrating strongly, neutral- 
izing the still warm fluid with ammonia (to dissolve the 
acid salts produced during the evaporation), and adding 
8 volumes of alcohol of 98 per cent. After 12 or 24 hours, the 
solution of ammonium malate is filtered from the undissolved 
oxalate, tartrate, and citrate of ammonium, the malic acid is 
precipitated with lead acetate, and the acid prepared from the 
precipitate is tested further (Barfoed). Where a small quan- 
tity of citric or malic acid is to be detected in presence of a 
large proportion of tartaric acid, the best way is to first re. 
move the latter by potassium acetate, with addition of an 
equal volume of strong alcohol. The other acids may then 
be completely precipitated in the filtrate by excess of cal- 
cium chloride and ammonia, if the quantity of the alcohol 
is a little increased. The calcium malate may be finally 
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separated from calcium citrate by treatment with boiling 
liot lime-water.* 


§20L 


lUcEMio Acid, 


The formula of crystallized bactmio Acm is C4E*0«.Ha0. The water 
of crystallization escapes slowly in the air, but rapidly at 100 (differ- 
ence between racemic acid and tartaric acid). To solvents, racemic 
acid comports itself like tartaric acid. The racemates also show very 
similar deportment to that of the tartrates. However, many of them 
differ from the corresponding tartrates in the amount of water they con- 
tain, and in form and solubility. The aqueous solution of racemic ^id 
and the racemates exercises no diverting action upon polarized light 
(difference from dextro- and lavo-tartaric acids). From the solutions of 
free racemic acid and of racemates, caZdiim chloride precipitates calcium 
racemate, CaC 4 H 404 . 4 Ha 0 , as a white, crystalline powder. Ammonia 
throws down the precipitate from its solution m bydrocblorie acid, either 
immediately or at least very speedily (difference from tartaric acid). It 
dissolves in solution of sodium or potassium hydroxide, hut is reprecipi- 
tated from this solution by boiling (difference from oxalic acid). Xmc- 
ufottcr added in excess immediately produces a white precipitate insoluble 
in ammonium chloride and also in acetic acid (difference from tartaric 
acid). Solution of calciu??i siUpkate does not immediately produce a 
precipitate in a solution of racemic acid (difference from oxalic acid) ; 
but after ten or fifteen minutes, calcium racemate separates (difference 
from tartaric acid), and in solutions of normal racemates, the precipitate 
forms immediately. With potassium salts, racemic acid comports itself 
like tartaric acid. By letting sodium potassium racemate or sodium 
ammonium racemate crystallize, two kinds of crystals are obtained, which 
resemble each other as the image reflected by a mirror resembles the 
object reflected. One kind of crystals conteuns common or dextro-tartaric 
acid (which turns the plane of polarized light towards the right) ; the 
other kind contains Imvo-tartaric add, an acid which is the same 
in every respect as tartaric acid, with this exception only, that it turns the 
polariz^ light towards the left. If the two kinds of crys^ are redissolved 
together, the solution shows again the reactions of the racemic acid. In 
regard to the microscopic detection of this acid, see Haushofeb, p. 83. 


*Coiiceniiiig the separation of malic acid from citric, as well as snccinlc 
add, see also Micro, Zeitschr. t analyt. Ohem. 31, 465 ; and concerning the 
separation of malic, dtric, and sacdnfc adds, see also W. S!eim, tbid., 30, 405. 
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Second Group of Organic Acids. 

The adds of the second group sublizae inthoui alteration, 
or are decomposed only to the anhydride and water. By 
heating with nitric acid, they are either left unchanged (suo- 
cinic acid), or merely couTerted into nitro-acids (benzoic acid, 
salicylic acid). The caldum salts are readily soluble in 
water (benzoic acid, salicylic acid), or are difficultly soluble 
(succinic acid). The solutions of the normal alkali-metal salts 
are precipitated (succinic and benzoic acids) or rery intensely 
colored (salicylic acid) by ferric chloride : succcnc acid, 
BESrZOIO ACID, SALICmC ACID. 


§ 202 . 

a. SucciNio Acid, 

1. Succinic acid forms colorless and inodorous prisms or 
tables. It is readily soluble in hoi water and hot alcohol, 
more difficultly soluble in the cold liquids, and slightly solu- 
ble in ether (1.265 : 100). When heated for a considerable 
time to 140% the acid sublimes, partly undecomposed, and 
partly yielding water and the sublimed anhydride. When 
rapidly heated, the acid fuses at 180** and boils at 235°, where 
upon it is mostly decomposed into water and the anhydride. 
The sublimed anhydride forms needles with a silky luster. 
When heated in the air, succinic acid burns with a blue £ame 
free from soot. When pure, the acid is odorless and has a 
slight, acid taste. The officinal acid, which has an empyreu- 
matic odor, leaves a moderate carbonaceous residue upon 
volatilization. Succinic acid is not destroyed by heating 
with nitric acid, and may therefore be easily obtained in the 
pure state by boiling with that acid for half an hour, by which 
means any oil of amber present is destroyed. 

2. The SUCCINATES are decomposed at a red heat; and 
those which contain alkali or alkali-earth metals are con- 
rerted into carbonates, with separation of charcoal. Many 
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of tlie succinates are soluble in ■water. Sodium succinate is 
scarcely soluble in sti'ong alcohol, and crystallizes well both 
as normal and acid salt j hence it may be readily obtained in 
a pure state from very impure fluids. This property may be 
utilized for the detection and separation of the acid.* On 
heating the succinates with potassium disulphate in a tube, 
the acid sublimes. It may be also obtained from the salts 
by decomposing them with sulphuric acid, and extracting 
with warm absolute alcohol, and also by repeatedly shak- 
ing the solution, strongly acidified ■with sulphuric acid, with 
ether, when almost all the succinic acid is obtained in the 
ethereal solution. 

3. If calcium chloride, ammonium chloride, and ammonia 
in excess are added to a solution of succinic acid or of an 
alkali-metal succinate, the liquid remains clear in the cold, 
and also upon boiling if the amount of ammonium chloride 
was not too small. But if two or three Tolumes of alcohol 
are added, caiciuh succinate, CaC,H,0, .3H,0, separates 
(often only after some time) in a crystalline condition. 

4. Barium cMoride produces in solutions of alkali succii 
nates, but not in solutions of free succinic acid, usually only 
after some time, a white, crystalline precipitate of barium 
SUCCINATE, BaCjH^O,. "Warming facilitates the separation, 
and upon the addition of alcohol, it separates quickly, even 
from dilute solutions. 

5. In a solution of a normal alkali succinate, fetTic chlo- 
ride, carefully treated with very dilute ammonia until the 
solution has a dark, brownish-red color, but is still clear, 
produces a pale brownish-red, voluminous precipitate of 
B V.SIO FERRIC BUCCKATB, 2Fe,(0,H,0 J,.Fe,0,. The precipitate 
(lis:;olves readily in mineral acids, but difficultly in cold acetic 
acid. It is decomposed by ammonia, which causes the separa- 
tion of a highly basic ferric succinate of a less bulky nature, 
while the greater pari of the succinic acid goes into solution 
as ammonium succinate. Alkali tartrates prevent or interfere 
with the precipitation of the basic ferric succinate. 

6. Zeod acetate, when added drop by drop to a solution of 
free succinic acid, or of an alkali succinate, produces a white 


* Compare MBiesNBB and JoiXT, Zeitschr. t. analyt. Chem., 4, 60%. 
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amorphous precipitate, 'which is immediately redissoWed in 
excess of succinic acid, in alkali succinate, and in lead acetate, 
but in a short time separates from such solutions in the crystal- 
line form. The latter precipitate consists of normal lead sue- 
ciK.iTE, PbC,H,0, , which i.s liarely soluble in water, even when 
boiling, as well as in succinic acid and lead acetate, readily 
soluble in nitric acid, and dissolves somewhat more difficultly 
in acetic acid. By ammonia it is converted into a basic salt. 

7. In regard to the microscopic detection of succinic acid, 
see Eaushofes, p. 73. 


§ 203. 

6. Benzoic Acid, H0,H,0,. 

1. Benzoic acud forms white scales or needles, or simply a 
crystalline powder. It is odorless in the pure state, but 
usually has a faint aromatic odor. It fuses at 121.4^, and boils 
at 250°, volatilizing completely. IVhen heated in an open 
dish, it evaporates in considerable quantity even at 100°. The 
fumes cause a peculiar, irritating sensation in the throat, and 
provoke coughing ; when cautiously cooled, they condense to 
brilliant needles; and when kindled, they burn with a luminous, 
sooty flame. The common officinal benzoic acid has the od«>r 
of benzoin, and leaves a small, carbonaceous residue u{)on 
volatilization. Benzoic acid dissolves at 0° in 5SS, at 20° in 
345, and at 100° in 17 parts of water CBodbooin). It i.> taken 
up readily by alcohol as well as by ether. Addition of water 
imparts, therefore, a milky turbidity to a saturated solution 
of the acid in alcohol. The solutions of benzoic acid have an 
acid reaction. The acid dissolves in concentrated sulphuric 
acid to a colorless liquid, from which it is separated by 
water unchanged. 

2. Most of the benzoates are soluble in water, only those 
with weak bases (e.p., ferric benzoate) being insoluble. The 
soluble benzoates have a peculiar, pungent taste. The addition 
of a strong acid to concentbated aqueous solutions of benzo- 
ates displaces the benzoic acid, which separates in the form 
of a dftizzling white, sparingly soluble, crystalline powder. 
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In the same way, benzoic acid is separated from the insoluble 
benzoates by such strong acids as form soluble salts with the 
bases with which the benzoic acid is combined. 

3. Ferric cldoride, carefully mixed with very dilute am- 
monia until the solution has a dark brownish-red color, but is 
still clear, precipitates all the benzoic acid in combination 
with ferric oxide, from solutions of normal alkali benzoates. 
The voluminous, flesh-colored precipitate, basic febbio benzo- 
ate, re,(C,H,0j,.re,0,.15H,0, is decomposed (similarly to 
basic ferric succiuate) by treatment with ammonia, but it is dis- 
tinguished from the succinate by the fact that it dissolves in a 
little hydrochloric acid, with the separation of the greater 
part of the benzoic acid. Alkali tartrates prevent or inter- 
fere with the precipitation of basic ferric benzoate. 

4. Zeml acetate fails to precipitate free benzoic acid, but it 
produces flocculeut precipitates in solutions of alkali benzo- 
ates. The precipitate, PbfO^HjOsX.HjO, is insoluble in 
sodium benzoate, but dissolves in an excess of the lead 
acetate, and also in acetic acid. Upon heating to boiling the 
solution in which the precipitation has taken place, the pre- 
cipitate does not dissolve, nor does it dissolve in ammonia. 

5. A mixture of aicohol^ ammonia^ and barium or calcium 
chloride^ produces no precipitate in solutions of benzoic acid or 
of the alkali benzoates (difference from succinic acid). 

6. In relation to the microscopic detection of benzoic acid, 
see Haushofeb, p. 71. 


§204. 

o. Saltcylio Acid, 

1. SAtJomc Acm crystallizes in colorless, odorless prisms. 
It dissolves only slightly in cold water, but more readily in hot 
water ; 1 part requires for solution 666 parts of water at 0®, 
870 parts at 20®, and 12.6 parts at 100® (Boijbgoin). It dis- 
solves very abundantly in alcohol and in ether, and also in 
amyl alcohol and chloroform. It fuses at 155®, and with care- 
ful heating sublimes unchanged in needles. When heated 
quickly and strongly, it is partly decomposed into carbonic 
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acid and phenol. When an aqueous solution of salicylic* acid 
is boiled, the acid rolatilizes in considerable quantity. The 
aqueous solution gives a distinctly acid reaction. By the 
action of strong nitric acid upon salicylic acid, with the aid 
of heat, nitro-salicylic acids are produced. 

2. Salicylic acid forms two selhs op salts with bases, 
which are usually designated as xoitMU. and basic salts. The 
solutions of the alkali salts, especially when containing ba.*>ic 
salts, become colored brownish by heating in the air. Most 
of the normal salicylates are easily soluble in water, but many 
of the basic salts are insoluble or slightly soluble in that liquid. 
Most of the salicylates give off phenol upon being heated. 
From sufficiently concentrated solutions, mineral acids precipi* 
tate salicylic acid as a white, crystalline precipitate. Acetic 
acid produces no precipitation. 

3. If a small amount of a very dilute ferric chloride solu- 
tion is added to an aqueous solution of salicylic acid or one 
of its salts, the liquid becomes colored intensely violet. Free 
acetic acid, lactic acid, and bufyric acid interfere vrith the 
delicacy of this very characteristic reaction. Hydrochloric 
acid as well as ammonia destroy it. 

4. In solutions of normal alkali salicylates, lead acetate pro- 
duces a white precipitate of lead salicylate, Pb^0,H,0,jj.H,0, 
which is soluble in an excess of lead acetate and also in acetic 
acid, but not in ammonia. When the precipitate is heated 
with the liquid from which it was formed, it dissolves, and 
separates in crystals upon cooling. 

5. Neither ccdcium cMoride nor hariim cMoride precipitates 
solutions of alkali saliojlates, not even upon the addition of 
ammonia and alcohol. 

6. If a solution of salicylic acid in methyl alcohd is mixed 
with half its volume of concentrated sulphuric acid, and 
heated, methyl salicylate is formed, a compound with an 
aromatic odor, which is the chief constituent of oil of winter- 
green. This may be collected by distillation. With a solu- 
tion of salicylic acid in ordinary alcohol, the analogous ethyl 
compound with a similar odor is obtained. 
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§205. 

Jiecctpitulafion and Itemorlcs . — Benzoic and salicylic acids 
are especially distingnislied from succinic acid, by the fact 
that the latter is far more soluble in water than the others, 
from which it follows that benzoic and salicylic acids are 
precipitated from the concentrated solutions of their salts by 
mineral acids. 

Succinic and benzoic acids are distinguished from salicylic 
acid by the fact that they are precipitated by ferric chloride, 
while the latter is not precij)itated, but causes an intense 
violet coloration of the liquid. If the basic ferric salts which 
separate are decomposed by digestion with ammonia, the 
liquid is filtered, and the filtrate is concentrated, the benzoic 
acid may be separated by the addition of acid, and the succinic 
acid may be detected as barium or calcium succinate. Suc- 
cinic acid may be also separated from salicylic acid by pre- 
cipitation as the calcium or barium salt. 

If it is desired to separate the three acids or one of them 
from a liquid containing other organic substances, this may 
be accomplished by rej^eatedly extracting the liquid with 
ether after acidifying it strongly with sulphuric acid. If the 
ether is distilled off, the acids remain behind. In con- 
nection with the detection of salicylic acid in wine, in order 
to prevent tannic acid from also going into the solution, it is 
better to shake the acidified wine (about 50 cc) with a mixture 
of equal parts of ether and petroleum-ether, to evaporate the 
separated layer of the solvent, after the addition of a little 
water, upon the water-bath, and to test the residue with ferric 
chloride 204, 3). Instead of the mixture of ether and petro- 
leum-ether, carbon disulphide or amyl alcohol may be used. 

Succinic, benzoic, and salicylic acids do not prevent the 
precipitation of ferric oxide, alumina, etc., by the alkalies.* 

* In relation to a method for the separation of salicylic acid from benzoia 
acid, see also, J. Soeuaf, Zeitachr. f. analyt. Ohem., 32, 107. 
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Third Group of Organic Adda. 

The acids of the third group may be distilled with water 
(lactic acid with difficulty). The calcium salts are readily 
soluble in water. The solutions of the normal alkali-metal 
salts are not precipitated in the cold by ferric chloride : 
ACETIC Acm, EOBMIO ACID (loctic add, propwnio add, butyric 
add). 


§206. 

a. Acetic Acid, HC,H,0,. 

1. Acetic acid forms transparent, crystalline scales, which 
fuse at 17° to a colorless fluid of a peculiar, pungent, and pene. 
trating odor and exceedingly acid taste. It boils at 119°, and 
Tolatilizes completely, forming pungent vapors, which burn 
with a blue flame. It is miscible with water in all proportions. 
It is to such mixtures of the acid with water that the name of 
acetic acid is commonly applied. Acetic acid is also soluble 
in alcohol. 

2. The acetates undergo decomposition at a red heat. 

When thus ignited, the alkali salts and other salts with strong 
bases yield chiefly acetone, and carbon dioxide, the 

latter, according to the nature of the base, either remaining 
combined with the base or escaping. The acetates with weak 
bases allow a large part of the acetic acid to escape unchanged. 
The residues left upon igniting acetates are usually carbona- 
ceous. Nearly all acetates dissolve in water and in alcohol ; 
most of them are readily soluble in water, while a few only are 
difficult of solution in that liquid. If acetates are distilled 
with dilute sulphuric acid, free acetic acid is obtained in the 
distillate. 

3. If ferric cMoride is added to acetic acid, and the acid is 
then nearly saturated with ammonia, or if a neutral acetate is 
mixed with ferric chloride, the fluid acquires a deep red color, 
owing to the formation of febbio acetate. By boiling, the 
fluid becomes colorless if it contains an excess of acetate, the 
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whole of the iron precipitating as a basic acetate, in the form 
of brownish-yellow flocks. Ammonia precipitates from the 
solution of ferric acetate the whole of the iron as hydroxide. 
By addition of hydrochloric acid, a fluid which appears red 
from the presence of ferric acetate turns yellow (difference 
from ferric sulphocyanide). 

4. Neutral acetates (but not free acetic acid, if somewhat 
diluted) give with silver nitrate white, crystalline precipitates 
of siLTER ACETATE, AgC,H,Oj , which are very sparingly soluble 
in cold water. They dissolve more easily in hot water, but 
upon cooling, separate again in the form of very small ciystals. 
Ammonia dissolves them readily, but free acetic acid does 
not increase their solubility in water. 

5. Mercurotts nitrate produces with acetic acid, and more 
readily still with acetates, white, scaly, crystalline precipitates 
of MERCUROUS ACETATE, Hg,(CaH, 03 )a , whioh are sparingly solu- 
ble in water and acetic acid in the cold, but dissolve without 
difficulty in an excess of the precipitant. The precipitates 
dissolve in water upon heating, but separate again in the form 
of small crystals upon cooling. In this process, the salt 
undergoes partial decomposition, and a portion of the mer- 
cury separates in the metallic state, imparting a gray color 
to the precipitate. If the mercurous acetate is boiled with 
dilute acetic acid instead of water, the quantity of the metallic 
mercury which separates is exceedingly minute. 

6. Mercurio chloride produces no precipitate of mercurous 
chloride with acetic acid or acetates upon heating. 

7. By heating acetates with concentrated stdphuric ocicZ, 
ACETTO ACID is evolved, which may be known by its pungent 
odor. But if the acetates are heated with a mixture of about 
equal volumes of concentrated sulphuric add and alcohol^ ethtl 
ACETATE, (0,H»)C,H,0,, is formed. The odor of this ether is 
highly characteristic and agreeable. It is most distinct upon 
shaking the mixture when somewhat cooled, and is much less 
liable to lead to mistakes than the pungent odor of the acid. 

8. If dilute acetic acid is heated with an excess of leod 
oxide^ part of the latter dissolves as basic lead acetate. The 
fluid has an alkaline reaction, and gives no crystals on cooling. 

9. In regard to the microscopic detection of acetic acid, 
see Haushofeb, p. 76. 
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§207. 

6. Foraao Acid, HOHO^ 

1. PoBmo ACID is a transparent and colorless, corrosive, 
sUghtly fuming liquid, with a characteristic and exceedingly 
penetrating odor. It crystallizes at —1° in colorless plates. 
It is miscible in all proportions with water and alcohol. It 
boils at 98.5°, and distils without decomposition. The vapors 
burn with a blue flame. 

2. Upon ignition, the eobmates, like the corresponding 
acetates, leave behind either carbonates, oxides, or metals, the 
process being attended with the separation of charcoal, and 
the escape of combustible gases, carbon dioxide, and water. 
All the compounds of formic acid with bases are soluble in 
water, and alcohol also dissolves many of them, but not all. 

3. Pormic acid shows the same reaction as acetic acid with 
f&rrio cJdoride. 

4. SUver nitrate fails to precipitate free formic acid, and 
gives a precipitate with the alkali formates in concentrated 
solutions only. The white, sparingly soluble, crystalline 
precipitate of bilveb eobhate, AgCHO,, acquires a darker tint 
very rapidly, owing to the separation of metallic silver. 
Complete reduction of the silver to the metallic state takes 
place after the lapse of some time, even in the cold ; but im- 
mediately upon applying heat to the fluid containing the pre- 
cipitate. The same separation of metallic silver occurs in 
a solution of free formic acid, and also in solutions of for- 
mates so dilute that the addition of the silver nitrate fails to 
produce a precipitate, but it does not take place in presence 
of an excess of ammonia. In this reaction, formic acid re- 
moves oxygen from the silver oxide ; carbonic acid, which es- 
capes, and water are formed, and the metal separates. 

6. M&rmrous nitrate gives no precipitate with free formic 
acid; but in solutions of alkali formates, this reagent pro- 
duces a glistening white, sparingly soluble precipitate of heb- 
ODBOUS fobmate, Hg,(OHO,)„ which rapidly becomes gray, 
owing to the separation of metalUc mercury. Complete re- 
duction ensues, even in the cold, after the lapse of some time, 
but is immediate upon appUcation of heat. This reduction 
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is also attended with the formation of carbon dioxide and 
water, and takes place both in fluids so highly dilate that the 
mercurous formate is retained in solution and in solutions of 
free formic acid. 

6. If formic acid or an alkali formate is heated with 
mercuric chloride, mebcubous chlobide precipitates before the 
liquid has reached the boiling-point. Presence of free hydro- 
chloric acid or of rather large quantities of alkali-metal chlor- 
ides prevent the reaction. 

7. If formic acid or a formate is heated with conoeniraied 
sidphuric arid, the formic acid is resolved, without blacken- 
ing, into water and oabbon monoxide gas. The latter escapes 
with effervescence, and, if kindled, bums with a blue flame. 
The sulphuric acid removes from the formic acid the water 
necessary for its existence, and thus causes a transposition of 
its elements : 0H,O, = H,0 -j- CO. Upon heating formates 
with dilute sulphuric acid in a distilling apparatus, free 
formic acid is obtained in the distillate, and may usually be 
readily detected by its odor. Upon heating a formate with a 
mixture of strong sulphuric acid and alcohol, ethtl pobmaxe 
is evolved, which is characterized by its peculiar rum-like 
smell. 

8. If dilute formic acid is heated with excess of lead oxide, 
the latter partially dissolves. The fluid has an alkaline reac- 
tion, and on cooling the solution, which is concentrated by 
evaporation if necessary, lead pobmate, Pb(OHO,),, separ- 
ates in brilliant prisms or needles. 

9. Conceiming the microscopic detection of formic acid, 
see Hadbhopeb, p. 68. 


§208. 

SeoajnMcdion and Remarlcs . — ^Acetic and formic acids are 
readily distinguished from the other organic acids by the 
fact that they can be distilled with water, and form with ferric 
oxide, soluble normal salts which dissolve in water with a 
blood-red color, and are decomposed by boiling. The two 
adds are distinguished from each other by their odor and 
that of their ethyl compounds, and by their different re- 
actions with silver salts and salts of mercury, with lead 



§ 209.] 


LACTIC ACID. 


417 


oxide, and with concentrated sulphuric acid. The separation 
of acetic from formic acid is effected by heating the mixture 
of the two acids with an excess of mercuric or silver oxide. 
Formic acid reduces the oxide and suffers decomposition, 
while the acetic acid dissolves the oxide and remains in solu- 
tion as an acetate. The separation may be also effected by 
boiling the free acids for ten minutes with an equal volume of 
a solution of potassium dichromate and sulphuric acid* in 
connection with an inverted condenser, by which means the 
formic acid is oxidized to water and carbonic acid, while the 
acetic acid remains unchanged, and may be obtained from the 
residue by distillation (Maonaib). 

§209. 

Barer Organic Adds of the Third Chrovp. 

1. Laotio Aon), 

Laotio Aom oocurs in animal fluids, vegetable matters that have 
turned sour, etc. When as pure as possible, it is a colorless, syrupy 
liquid, which is odorless and has a pure, sharp, acid taste. When it is 
slowly heated m a retort to 180% water containing a little lactic acid dis- 
tils over, leaving a residue of lactic anhydnde, which between 250” and 
SOO** IS decomposed into carbon monoxide, carbon dioxide, lactide, and 
other products. Lactic* acid dissolves freely in water, alcohol, and ether. 
Upon boiling the aqueous solution, a little lactic acid volatilizes with the 
aqueous vapor. If a little lactic acid is added to a solution of phenol 
made blue with feme chloride, the blue color changes to yellow. The 
reaction is dehcate (Uffelaiann), but it should be noticed that bulyrio 
acid behaves in a similar manner. All the lactates are soluble m water, 
the greater part of them, however, only sparingly. They behave simi- 
larly with alcohol. Lead acetate with the addition of alcoholic am- 
monia produces a granular-sandy precipitate, which is insoluble in alcohol 
(Palbi). The lactates are insoluble in ether. The production of some 
of the salts and the examination of their form under the microscope 
supply the means for the detection of lactic acid ; and calcium and zinc 
lactates are the best suited for this purpose. Oalcium lactate may be con- 
veniently prepared from animal or vegetable juices by the following method 
devised by Sohebeb : Dilute the liquid, if necessary, with water, mix with 
baryta-water, and filter. Distil the filtrate with some sulphuric acid (to 
remove volal^e acids), digest the residue several days with strong alcohol, 

* 12 g potassitim dichromate, 100 cc water, and 80 cc concentrated sul- 

phuric add. 
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distil the acid solution with a little milk of lime, filter, while warm, from 
the excess of lime and calcium sulphate, conduct carbon dioxide into the 
filtrate, heat once more to boiling, filter from the precipitated calcium car- 
bonate, evaporate the filtrate, warm the residue with strong alcohol, filter, 
and let the neutral filtrate stand several days to give the calcium lactate 
time to crystallize. Should the quantity of lactic acid present be insuffi- 
cient to allow the formation of crystals, evaporate the fluid to syrupy con- 
sistence, mix with strong alcohol, let the mixture stand some time, decant 
or filter the alcoholic solution into a vessel that can be closed, and add 
gradually small quantities of ether. This process will cause even traces of 
calcium lactate to separate from the fluid. For the preparation from 
mine of a lactic acid which is adapted for obtaining the characteristic salts, 
ScEULTZEN and Riess recommend the following method : Concentrate the 
urine very much, precipitate warm with 95 per cent alcohol, and pour off 
the alcoholic solution after twenty-four hours, evaporate it to a syrup, 
acidify with dilute sulphuric acid, and extract by shaking with ether. 
Distil the ethereal solution, dissolve the residue in water, precipitate with 
basic lead acetate, filter, treat the filtrate with hydrogen sulphide, filter 
again, and drive off the acetic acid by repeated evaporation upon the water- 
bath. Under the microscope, calcium lactate appears in the form of tufts 
of needles. Two of the tufts are always joined together by their short 
stems, so that they are like two united brushes. Zinc lactate, after rapid 
separation, appears under the microscope in the form of spherical groups 
of needles. Slow evaporation of the zinc lactate solution gives at first 
crytals resembling clubs truncated at both ends. These crystals gradually 
grow, the two ends apparently diminishing, while the middle parts pre- 
dominate (Funxe). 


§ 210 . 

2. Peopionio Aged, ; and 3. Butyeio Acid, . 

PsOPiONiG ACID IS formed under a great variety of circumstances, and is 
ohiefly found in fermented liquids. The pure acid is a colorless liquid, 
having a very acid odor and taste, which boils at 140.5* and does not solid- 
ify even at — 2r. It dissolves readily in water, and floats as an oily 
stratum on concentrated aqueous solution of phosphoric acid and on solu- 
tion of calcium chloride. It has a peculiar smell, which reminds one of both 
butyric and acetic acids. Upon distilling the aqueous solution, the pro- 
pionic acid passes over into the distillate. Butyeic Acm is frequently found 
in animal and vegetable matter, more particularly in fermented liquids 
of various kinds. The pure acid is a colorless, mobile, corrosive, intensely 
sour fluid boiling at 163”, of a disagreeable odor, a combination of the 
smdl of rancid butter and acetic add. It is miscible in all proportions 
with water and alcohol. It is separated from the concentrated aqueous 
solution by calcium chloride, concentrated acids, etc , in the form of a thin 



§ 210 .] 


PROPIONIC ACID. 


419 


oil. The smell of butyric acid is particularly strong in the aqueous solu- 
tion of the acid. Upon distilling the aqueous solution, the acid passes over 
with the aqueous vapors. 

Propionic acid and butyric acid are often found associated with each 
other, and with formic and acetic acids, in fermented liquids, guano, 
urine, and many mineral waters. In such cases, the detection of the sev- 
oral acids may be effected as follows : Dilute the substance sufficiently 
with water, acidify with sulphunc acid, and distil. Saturate the distillate 
with baryta-water, evaporate to dryness, and treat the residue repeatedly 
with boiling alcohol of 85 per cent. This will leave the banum formate 
and part of the barium acetate, the remainder of the acetate, together with 
the propionate and butyrate, dissolving in the alcohol. Evaporate the 
alcoholic solution, dissolve the residue in water, decompose cautiously 
with silver sulphate, boil, filter, and let the fluid (which ought to con- 
tain a little undecomposed barium salt rather than any silver sulphate) 
evaporate under the desiccator. Take out separately the crystals which 
form first, those which form later, and those which form last, and examine 
them to ascertain their nature. Upon solution in concentrated sulphuric 
acid, silver acetate emits the odor of acetic acid, and gives no oily drops ; 
but silver propionate and butyrate emit the peculiar odor of the acids, and 
give oily drops, which with minute quantities, however, are visible only 
Under the microscope. To distinguish positively between propionic and 
butyric acid, it is indispensable to determfhe the amount of silver in the sep- 
arated silver salts, and thus fix the molecular weight of the acids. If much 
banum acetate has passed into the solution, with a small quantity only of 
butyrate and propionate, the barium is first exactly precipitated with sul- 
phuric acid (in the aqueous solution of the barium salts soluble m alcohol), 
one half of the acid fluid neutralized with caustic soda, the other half 
added, the fluid then distilled, the distillate (which now contains princi- 
pally propionic and butyric acids) neutralized with baryta, then decom- 
posed with silver sulphate, and the remaining part of the process con- 
ducted as above. 

The following process may be also used with advantage for the sepa- 
ration of propionic acid from acetic and formic acids : Evaporate the 
mixture of the three acids with water and an excess of lead oxide to dry- 
ness, triturate the residue with the addition of lukewarm water, allow this 
to stand for twelve hours at the temperature of the room, and filter. Be- 
sides some of the lead formate and acetate, the filtrate contains all the 
propionic acid as a basic lead salt. If the solution is now boiled, the latter 
separates, and if filtered hot, it is obtained upon the filter, while the part 
of the lead acetate and formate which had gone with it into solution 
are obtained in the filtrate (LiNNmiNN). Butyric acid, and also acetic 
acid, may be separated from formic acid by the behavior of the acids 
With mercuric chloride upon boiling, for under these circumstances, the for- 
loio acid only is decomposed (§ 207, 6, Soala). 
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QUALITATIVE CHEMICAL ANALYSIS. 


PEELIMINAEY EEMAEKS. 

« 

The knowledge of reagents and of the deportment of bodies 
with them enables ns to ascertain at once whether a com- 
pound, of which the physical properties permit an inference 
as to its nature, is in reality what we suspect it to be. For 
instance, a few simple reactions suffice to show that a body 
which appears to be calcite is really calcium carbonate, and 
that another which is held to be gypsum is actually calcium 
sulphate. This knowledge usually suffices, also, to ascertain 
whether a certain body is present or not in a mixture ; for 
instance, whether or not a white powder contains mercurous 
chloride. But if our design is to ascertain the chemical 
nature of a substance entirely unknown to us — ^if we wish to 
discoTer all the constituents of a mixture or chemical com- 
pound— if we intend to prove that, besides certain bodies 
which we have detected, no other substance cam possibly be 
present— if, consequently, a com^fiete qualitative analysis is 
our object, the mere knowledge of the reagents, and of the 
reactions of bodies with them, will not suffice for the attain- 
ment of this end. This requires the additional knowledge of a 
aystemofie course of analysis ; in other words, the knowledge of 

4S0 
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the order in which solvents, and general and special reagents, 
should be applied, both to effect the speedj and certain de- 
tection of every element present, and to prove with certainty 
the absence of all others. If we do not possess the knowl- 
edge of this systematic conrse, or if, in the hope of attaining 
our object more rapidly, we adhere to no method, analyzing 
becomes (at least in the hands of a novice) mere guesswork, 
and the results obtained are no longer the fruits of scientific 
calculation, but mere matters of accident, which occasionally 
may prove lucky hits, and at other times total failures. 

Every analytical investigation must therefore be based 
upon a definite method, but it is not by any means neces- 
sary that this method should be the same in all cases. Prac- 
tice, reflection, and a due attention to circumstances will, on the 
contrary, generally lead to the adoption of different methods 
for different conditions. However, all analytical methods 
agree in this, that the substances to be looked for are in 
the first place classed into groups, which are then subdi- 
vided, until the individual detection of the various substances 
present is finally accomplished. The diversity of analytical 
methods depends partly on the order in which reagents are 
applied, and partly upon their selection. 

Before we can venture upon inventing methods of our own 
for individual cases, we must first make ourselves thoroughly 
conversant with a course of chemical analysis in general. 
This system must have passed through the ordeal of experi- 
ence, and must be adapted to every imaginable case, so that 
afterwards, when we have acquired some practice in analysis, 
we may be able to determine which modification of the general 
method will be best adapted to a given case. 

The exposition of such a systematic course, adapted to all 
oases, tested by experience, and combining simpliciiy with the 
greatest possible security, is the object of the Section. 

The elements and compounds comprised in it are the same 
that we have studied in Part I., with the exception of those 
discussed more briefly, and marked by the use of smaller type. 

The method of presentation is one which leads directly to 
practical investigation, so thataU careful observers will attain 
the desired result with speed and certainty, and cannot go 
astray in following the conrse. 
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The subdivisions of this systematic course are — 1. Prelimi- 
nary examination ; 2. Solution j 3. Actual Analysis. 

Actual analysis, however, is again divided into the investi- 
gation of compounds in which it is assumed that only one base 
and one acid are present, and the analysis of mixtures or com- 
pounds in which aH the bodies here taken into consideration 
are assumed to be present. With respect to the latter, it should 
be remarked that where the preliminary examination has not 
clearly demonstrated the absence of certain groups of sub- 
stances, the student cannot safely disregard any of the para- 
graphs to which reference is made, in consequence of the 
reactions he has observed. In oases where the intention is 
simply to test a mixture for certain substances, and not to 
ascertain all its constituents, it will be easy to select the par- 
ticular paragraphs to which attention should be given. 

As the construction of a universally applicable systematic 
course of analysis requires due provision for every contin- 
gency that may possibly arise, it is self-evident that, though 
in the system here laid down the various bodies comprised in 
it have been assumed to be mixed up together in every con- 
ceivable way, it was absolutely indispensable to assume that 
no foreign organic matters were present, since the presence of 
such matters would conceal many reactions, and introduce 
various complications into others. 

Although the general analytical course laid down here is 
devised and arranged in a manner to suit all possible contin- 
gencies, still there are special cases in which it may be ad- 
visable to modify it. A preparatory treatment of the substance 
is also sometimes necessary before the actual analysis can be 
proceeded with, and the presence of coloring or slimy organic 
matters more especially requires certain preliminary opera- 
tions. The Second Section will be found to contain a detailed 
description of the special methods employed to meet certain 
cases which frequently occur. Some of these methods show 
how the analytical process becomes simplified as the number 
of substances to be considered decreases. 

In conclusion, as an intelligent and successful pursuit of 
analysis is possible only with an accurate knowledge of the 
principles whereon the detection and separation of bodies 
depend, I have given in the Third Sedion an explanation of 
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the general analytical process, with numerous additions to 
the practical operations. As this third section may properly 
be regarded as the key to the first and second, students 
are strongly recommend to make themselves thoroughly ac- 
quainted with it at the outset. A special section is devoted 
to this theoretical explanation, as I think it will be under- 
stood better in a connected form than it would have been 
by explanatory additions to the several paragraphs, which, 
moreover, might have materially interfered with the per- 
spicuity of the practical process. 

In this third section, I have also taken occasion to point 
out in what residues, solutions, precipitates, etc., which are 
obtained in the systematic course of analysis, the rarer de- 
mmtSy aoidSy or rodiccda may be expected to be met with ; and 
also to give instructions how to proceed systematically, with a 
view to insure the detection of these bodies. 


SECTION I. 

PEACTIOAL PEOOESS POE THE ANALYSIS OF 
COMPOUNDS AND MIXTUEES IN OENEEAL. 

L PrELIMTNARY EXA3tfTNATI0N.* 

ExAMmE, in the first place, the external properties of If 
the substance, such as the color, shape, hardness, gravity, 
odor, etc., since these will often enable one in some meas- 
ure to infer its nature. Before proceeding, if the quantity 
of the substance is limited, the operator must consider 
how much may safely be spared for the preliminary ex- 
amination. A reasonable economy is in all cases advisable, 
for the sake of cultivating the habit, even though one may 
possess the material in large quantities ; but, under all 
circumstances, let it be a fixed rule never to use up all 
one has of a substance, but always to keep a portion of 
it, even though a small one, for unforeseen contingencies, 
and for confirmatory experiments. 

* Do not fail to consult the observations In the Third Section of Fart IL 
f These marginal numbers are simply intended to facilitate reference. 
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A. The Substakcb ondeb EiAmNAHOir is Soinx 


L It IS wwTHBB A Metai. nob an AmiOT. 


§21L 

L The snbstance is fit for examination if in powder 2 
or in minute crystals ; but in the case of larger crystals 
or solid pieces, a portion must, if practicable, be first re* 
duced to fine potoder. Bodies of the softer kind may be 
triturated in a porcelain mortar ; while those of a harder 
nature must first be broken into small pieces in a steel 
mortar, or upon a steel anvil, and the pieces then tritu- 
rated in an agate mortar. 

2. Put bone of the fowdeb into a glass tube, huat.f.t> 8 
at one end, about 7 OM LONG AND 5 UM WIDE, OB ELSE IN 
A GLASS TUBE BLOWN OUT TO A SMALL BULB AT THE END, AND 
heat first gently over the spirit- or gas-lamp, then in- 
tensely in a gas fiame, the heat of which is increased by 
a chimney, or in the blowpipe fiame. The reactions re- 
sulting may lead to many positive or probable conclu- 
sions regarding the nature of the substance. The following 
are the most important of these reactions, to which par- 
ticular attention ought to be paid ; and it often occurs that 
several of them are observed in the case of one and the 
same substance : 

a. The substance bemains unaihebed : absence of 
organic matters, salts containing water of crystalliza- 
tion, readily fusible matters, and volatile bodies (ex- 
cept carbon dioxide, which often escapes without 
visible change). 

i. The substance changes oolob but doss not 4 

FUSE AT A MODEBATE HEAT : from white to yellow, 
turning white again on cooling, indicates zinc ovtuti! ; 
from white to yellowish-brown, turning to a dirfy 
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light yellow on oooling, indioates stannic oxide ; from 
white or yellowish-red to brownish-red, turning to 
yellow on cooling, the body fusing at a red heat, 
indicates lead oxide ; from white or pale yellow, to 
orange-yellow, up to reddish-brown, turning pale 
yellow on cooling, the body fusing at an intense red 
heat, indicates bismuth oxide ; from white or yellow- 
ish white to dark brown, remaining dark brown 
upon cooling, indicates manganous oxide (e.gr., mangan- 
ous carbonate), but when becoming (usually) light red- 
dish-brown on cooling, indicates cadmium oxide 
cadmium carbonate); from light blue or light green to 
black, water beiog given off at the same time, indi- 
oates OUPBIC OXIDE (cupric hydroxide or carbonate), 
and also the corresponding nickel compounds; from 
grayish- white to black indicates eebeous cabbonate ; 
from brownish-red to black, turning brownish-red 
again on cooling, indicates febbic oxide ; from yellow 
to dark orange, the body fusing at an intense heat, 
indicates potassium chbohate ; from light red to dark 
red then violet-black, becoming light red again on 
cooling, giving a sublimate of mercury upon stronger 
ignition, allows the recognition of mebcubio oxide; 
from light red to brown, light red upon cooling, bed 
OXIDE OF LEAD, which gives yellow, fusible lead oxide 
when intensely heated, eta 

c. The substance fuses without expulsion of aque- 6 
ous VAPOBS. If, by intense heating, a gas (oxygen) is 
evolved, and a small fragment of charcoal thrown in 
is energetically consumed, nitbates or ohlobates are 
indicated. 

d. Aqueous vapobs abe expelled, which condense 6 
IN the coldeb pabt of the tube: this indicates either 
(cr) substances CONTAINING WATER OF OBYSTALLTZATION, in 
wldch case they generally fuse readily, and resolidify 
after expulsion of the water (many of these swell con- 
siderably while yielding up their water, agr., borax, 
alum) ; (/?) decomposable htdboxides, or salts con- 
taining CHEMICALLY COMBINED WATEB. iu whlch Case 
the bodies often do not fuse ; (y) anhydrous salts. 
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holdiog WAXES MECEANIOALLT ENCLOSED between their 
lamellsB, in which case the bodies decrepitate; (6) 
bodies with noistube ezternallj adhering to them ; 
or (e) AMNONiuii salts, which are decomposed with 
the formation of water, e.g., ammonium nitrate, in 
the decomposition of which, nitrons oxide is simul* 
taneonslj formed, in which a glowing splinter of 
wood is ignited. 

Test the reaction of the condensed drops of water 
in the tube ; if it is alkaline, ammonia is indicated ; 
if acid, a volatile acid (sulphuric, sulphurous, hydro- 
fluoric, hydrochloric, hydrobromic, hydriodic, ace- 
tic, etc.). 

e. The substance deceepitates without givin0 off 7 
WAXES : this indicates certain minerals which possess 
tiiis property, e.g., barite, sphalerite, galena, siderite, 
plumbocalcite, etc. 

/I Gases os fumes escape. Observe whether they 8 
have a color, a smell, an acid or alkaline reaction, or 
whether they are inflammable, etc. 

aa. Oxtoen indicates oxides of the noble metals; 
metallic peroxides, chlorates, nitrates, etc. A glow- 
ing splinter of wood is relighted in the gaseous 
current. 

SuLPHUS dioxide is produced by decomposi- 
tion of heavy metal sulphites as well as by that of 
many sulphates, and also by the ignition of mix- 
tures of sulphides and sulphates. It may be 
known by its odor and by its acid reaction. 

oc. Nitsous acid or nitbogen pbboxede resulting 
from the decomposition of nitrites or nitrates, 
especially those of the heavy metals. They may 
be known by the brownish-red color and the odor 
of the fumes. 

dd , Oabbon dioxide indicates carbonates decom- 
posable by heat, or oxalates of reducible metals, 
c,gr., cupric oxalate. The gas is colorless, odorless, 
and non-inflammable. A drop of lime-water on a 
watch-glass becomes turbid on exposure to the 
gaseous current. 
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66. Carbon monoxide indicates oxalates or for- 
mates. The gas burns with a blue flame. In the 
case of oxalates and also of formates, the carbon 
monoxide is frequently mixed with carbon dioxide 
{e,g., in the case of magnesium oxalate and of for- 
mates of easily reduced, heavy metals), and is there- 
fore more difficult to kindle. In the case of 
formates, there is often marked carbonization. 
Oxalates evolve carbon dioxide when brought into 
contact with manganese dioxide, a little water, and 
some concentrated sulphuric acid, on a watch- 
glass ; but formates evolve no carbon dioxide under 
similar circumstances. 

ff . Chlorine, bromine, and iodine indicate com- 
pounds of these elements which are decomposed 
with their liberation. The gases are readily recog- 
nized by their color (yellowish-green, brownish- 
red, violet) and their odor. If evolved in any 
quantity, iodine forms a black sublimate (com- 
pare 9). 

gg. Cyanogen and hydrogen cyanide indicate 
cyanogen compounds decomposable by heat (e. gr., 
mercuric cyanide or Prussian blue). Both gases 
may be known by their odor, and cyanogen, when 
tolerably pure, by the crimson flame with which it 
bums.* 

AA. Hydrogen sulphide indicates sulphides 
containing water (also thiosulphates). The gas 
may be readily known by its odor. 

ii. Ammonia, resulting from the decomposition 
of ammonium salts, or also of hydrous cyanides or 
nitrogenous organic matters. In the latter case,* 
browning or carbonization takes place, and offen- 
sive, empyreumatic oils usually escape with the 
ammonia. 

g. A SUBLIMATE FORMS: this indicates volatile 9 
bodies. The following are those more frequently 
met with : 

* It ma^ be mentioDed here that cyanogen compounds insoluble in water 
are examined by a special process (see § 340). 
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oo. SULPHtiB : this is given off from mixtnres or 
from many of the metallic sulphides. It sublimes 
in reddish-brown drops, which solidify on cooling, 
and turn yellow or yellowish-brown. 

lb. Iodine: this escapes from mixtures, many 
iodides, iodic acid, etc. It gives a violet vapor, 
black sublimate, and smell of iodine. 

CO. Amm ontttm- salts give white sublimates ; and 
when heated with sodium carbonate and a drop of 
water on platinum foil, they evolve ammonia. 

dd. Mebcoet and its compounds. Metajjio 
UEBC tTBT forms globules; meboubio sulphide is 
black, but acquires a red tint when rubbed ; heb- 
cubic cblobude fuses before volatilizing, and gives a 
white sublimate; mebcuboub ohlobide sublimes 
without previous fusion, the sublimate, which is 
yellow while hot, turning white on cooling ; and 
red kebodbio iodide gives a yellow sublimate. 

ee. Absenic and its compounds. Metaluo 
ARSENIC forms the well-known arsenical mirror; 
ABSENious OXIDE forms small, brilliant crystals ; the 
sulphides of arsenic give sublimates which are 
reddish-yellow while hot, and turn yellow or yellow- 
ish-red on cooling. 

ff. Antqionious oxide fuses to a yellow liquid 
before subliming. The sublimate consists of bril- 
liant needles. 

gg. Lead ghlobide fuses to a yellow liquid 
before forming a sublimate. The latter is white 
and difficultly volatile. 

hk Benzoio and succiNio acids give white, crys- 
talline sublimates. The officinal, slightly im- 
pure acids may be known by the odor of their 
fumes. 

ii. Sauctuo acid gives a white, crystalline sub- 
limate. Upon heating quickly and intensely, there 
is an odor of phenol. 

Jdk. OxAua AGDCD gives a white, crystalline subli- 
mate, with thick, irritating fumes in the tube, which 
produce coughing. Heating a small sample on plati- 
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num foil with a drop of concentrated sulphuric acid 
gives rise to a copious evolution of gas. 
h Caebonization takrs plaoe: organic substances. 10 
This is always attended with evolution of gases (ace- 
tates evolve acetone) and water, the latter having an 
alkaline or acid reaction. An odor like burnt hair 
indicates nitrogenous organic substances. If the 
residue effervesces with acids, while the original sub- 
stance did not show this reaction, organic acids may 
be assumed to be present in combination with alkali 
or alkali-earth metals. Salts containing readily re- 
ducible metals in combination with organic acids 
cupric acetate) often leave the metal behind, 
and in consequence of this (^.e., in consequence of 
the combustion of the carbon at the expense of the 
oxygen of the metallic oxide), little or no carbon 
remains. 

3. Place a small portion op the substance on char- 11 
COAL (in a cavity scooped out for the purpose), and ex- 
pose IT to the inner BLOWPIPE PLAME. 

As most of the reactions which take place in heating 
in the closed glass tube are also produced by this 
process, only those will be mentioned which are peculiar 
to this experiment. Evolution of sulphur dioxide, when 
the flame plays upon the substance on charcoal, generally 
indicates sulphur or a sulphide. If a garlic-like odor of 
arsenic is given off, this indicates arsenic or an arsenic 
compound. If there is an odor of ammonia, this points to 
certain ammonium compounds (agr., ammonium carbonate). 

If a lively combustion of the charcoal takes place, the 
substance is one which gives off oxygen, generally a 
nitrate or a chlorate. In the case of substances which 
have given sublimates in the glass tube, one should 
avoid breathing the vapors which are evolved. 

In addition to the above, the following reactions will 
permit moderately accurate conclusions ; 

a. The body puses, and ib absorbed by the char- 12 

COAL, OB FORMS A BEAD IN THE CAVITY, not attended by 
incrustation: this indicates more particularly salte 
of the alkali metals. 
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6. An infusible, white residue remains on the 13 
charcoal, either at once or after previous melting 
in water of crystallization: this indicates more 
particularly the oxides of barium, strontium, cal- 
cium, magnesium, aluminium, zinc (appears yellow 
while hot), and silicic oxide. Among these substances, 
the oxEDEs of strontium, calcium, macnesium, and zinc, 
are distinguished by strong luminosity in the blow- 
pipe flame ; and the oxides of the alkali-earth metals, 
by the fact that they react alkaline, as do also their 
sulphides. Moisten the white residue with a drop 
of cobalt nitrate solution, and expose again to a strong 
heat. Many colorations are thus produced, of which 
the following are especially characteristic and are 
distinctly perceptible : A fine blue tint indicates 
alumina or silica; a green color shows zinc oxide; while 
violet indicates magnesium phosphate and also mag- 
nesium ARSENATE. In the presence of many phosphates 
of the alkali-earth metals, a more or less blue color- 
ation is produced, a fact which is to be heeded. 

In the case a or 6, the preliminary examination for 
alkali and alkali-earth metals may be completed by 
inspecting the colors w'hich the substances impart to 
the flame. For this purpose, a httle of the substance is 
attached to the loop of a fine platinum wire, moistened 
with hydrochloric acid, dried cautiously near the 
border of the flame, moistened again with hydro- 
chloric acid, and then held in the fusing zone of a 
Bunsen gas flame. The colorations caused by the 
alkali metals make their appearance first, followed, 
after volatilization of the alkali metals, by those of 
barium, strontium, or calcium. Sometimes it is ad- 
visable first to ignite the sample in the reducing flame, 
and after that to moisten it with hydrochloric acid, 
c.y., if sulphates are under investigation. For details. 

Be® §§ 17, 97, and 104. 

c. The subbtanob leaves a residue op another 14 
OOLOR, or reduction TO THE METALIIO STATE TAKES 
HiAGE, OB A COATING FORMS ON THE CHARCOAL. In this 
case do not draw a conclusion directly from the 



211 .] 


PRELIMINAET EXAMIN^ATION. 


431 


reaction which has taken place, bnt in order to pro- 
duce more decisive results mix a portion of the 
powder with sodium carbonate and a drop of water 
(an odor of ammonia occurring here shows the pres- 
ence of an ammonium compound), heat on charcoal 
in the reducing jflame, and observe the residue in the 
cavity as well as the incrustation on the charcoal. 

If a sulphide or arsenide is under investigation (see 
11), or if the substance was rich in water of crystal- 
lization, heat it, in the first place, for a short time 
on the cover of a porcelain crucible, pulverize the 
residue, and then mix it with sodium carbonate. 

a. The sustained application of a strong flame 15 
produces a metallic globule, without incrustation 
of the charcoal : this indicates GOLD or OOPPEB. The 
latter is at once recognized by the green coloration 
of the flame. The compounds of platinum, iron, 
cobalt, and nickel, are also reduced, but if pure, 
they yield no metallic globules. 

/?. The charcoal support is coated with an in- 16 
crustation, either with or without the formation of 
a metallic globule. 

aa. The incrustation is wMte^ forms at some 
distance from the test specimen, and is very 
readily dissipated by heat, emitting a garlic-like 
odor: arsenic. 

Ih. The incrustation is wMte^ is nearer the test 
specimen than in aa, and may be driven from one 
part of the support to another : antimony. Me- 
tallic globules are generally observed at the same 
time, which continue to evolve white fumes long 
after the blowpipe flame is removed, and upon 
cooling, become surrounded with crystals of anti- 
monious oxide. The globules are brittle. 

cc. The coating is y^w while hot, but turns 
white on cooling, is rather near the test specimen, 
is volatilized with difficulty, and gives a green 
coloration when ignited with cobalt nitrate : ziNO. 

cW. The incrustation has a faimt tint 

while hot, but turns white on cooling. It sur- 
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rounds the test specimen closely, and both the 
inner and outer flame fail to volatilize it : tin. 
The metallic globules formed at the same time, 
but only in a strong reducing flame, are bright, 
readily fusible, and malleable. 

ee. The coating has a lemon-ydlmo color, turn- 
ing to sulphur-yellow on cooling. When heated 
in the reducing flame, it volatilizes, tingeing the 
flame blue: lead. Beadily fusible, malleable 
globules are formed at the same time. 

The coating while hot is of a dark orange- 
yellow color, which changes to lemon-yellow on 
cooling ; and when heated in the reducing flame, 
it changes its place without coloring the flame 
blue: BISUUTH. The metallic globules formed 
at the same time are readily fusible and brittle. 

gg. The coating is reddish-brown, or in thin 
layers, orange-ydlow. It volatilizes without color- 
ing the flame : cadmidn. 

hh. The incrustation is slight and dark red, 
while white, metallic globules are formed : silvbb. 
Where a little lead and antimony are present at 
the same time, the incrustation is crimson. 

If only an incomplete reduction of metal has 
been obtained, it is advisable to repeat the ex- 
periment, adding a little potassium cyanide to 
the mixture of the sample with sodium carbon- 
ate, or mixing the sample with sodium formate, 
because in this way, the metallic reductions are 
greatly facilitated. 

If the reduction of a metal has taken place, the 
sample should be moistened with water, and, with 
the surrounding charcoal, cut out, triturated in 
a small agate mortar, and the particles of char- 
coal carefully washed away. Any metal that 
may be present remains in the mortar, gold in 
yellow, copper in red, silver in almost white, tin 
in grayish-white, lead in whitish-gray, scales or 
streaks. Bismuth will remain as a reddish'^ray, 
zinc a bluish-gray, and antimony a gray, powder. 
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When copper and tin or copper and zinc are 
simultaneously present, yellow alloys of these 
metals may be formed. 

If sodium sulphide has been produced (the 17 
detection of which is easily accomplished according 
to § 170, 6), the presence of a sulphide, a sulphate, 
or perhaps a sulphite, is shown. 

4. Fuse a small portion with a bead op sodium meta- 
phosphate (see § 89), and expose fob some time to the 

OXEDIZCNG GAS OB BLOWPIPE FLAME. 

a. The substance dissolves readily and copiously 

TO A OLEAB BEAD (WHILE HOT). 

or. The hot bead is colored — 18 

Blue, which by candlelight inclines to violet : 

COBALT. 

Green, but upon cooling, blue; in the reducing 
flame, but only when strongly saturated, 
after cooling, red : copper. 

Green, particularly flne on cooling, unaltered 
in the reducing flame : chromium. 

Bbownibh-red, but on cooling, light yellow or 
colorless ; in the reducing flh.me, red while 
hot, yellow while cooling, then greenish : 
iron. 

Beddish to BROWNISH-BED, but on cooling, 
paler, yellow to reddish-yellow or even 
colorless ; in the reducing flame^ unaltered : 
ihceel. 

Tellowish-bbown, but on cooling, light yellow 
or colorless ; in the reducing flame, almost 
colorless (especially after addition of a very 
little tin), and blackish-gray on cooling; 

BISMUTH. 

Light yellowish to opal, but when cold, 
rather turbid ; in the reducing flame, 
whitish-gray: silver. 

Amethyst-red, especially on cooling; color- 
less, and not quite clear in the reducing 
flame : manganese. 
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yS. Tht hot head is earless. 19 

m. It remains clear on cooung : antdiony, 

ALCiasrCM, ALKALI-METAIR, ZINC, OADMIOM, LEAD, 
OALCiim, MAGNESiL’M. The last fiye, when added in 
somewhat large proportion to the sodium meta* 
phosphate, give enamel- white beads ; while the 
bead saturated with lead oxide is yellowish. 

66. It becomes enamel-white on cooung, even 

WHERE only a SMALL PORTION OF THE POWDER HAS 
TtTiiTiw added TO THE SODIUM METAPHOSPHATB : 
BARIUM, STRONTIUM. 

6. The substance dissolves slowly and only in 20 
RMAT.T. quantity. 

a. The bead is colorless, and lemams clear 
even after cooling ; the undissolved portion looks 
semi-transparent ; and upon the addition of a little 
ferric oxide, it acquires the characteristio color of 
an iron bead : siucio oxide.* 

§. The bead is colorless, and remains so after 
the addition of a little ferric oxide : tin. 
c. The substance does not dissolve, but floats (in 21 
the metaluo state) in the bead : gold, platinum. 

5. Minerals are examined for fluorine as directed in 
§ 176, 8. 

As the body under examination may consist of a mix- 
ture of the most dissimilar substances, the statement of 
cases with entirely sharp limits is not possible under all 
circumstances in connection with these tests. If, there- 
fore, reactions which proceed from a combination of two 
or several oases are observed in an experiment, they must 
of course be interpreted accordingly. 

Alter the termination of the preliminary examination, 
proceed to the solution of the substance, as directed in 
§ 215 (32). 

* la regard to tbe i)ehavior of silicates in the eodlam ntfitariina phftta 
oompate E. Eavbeoisb, also 3. Hosobwald, Zeitsdu. L analvt. niif"! 
29,818. 
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n. The Sttbstaeoe is a Metal ob an Allot. 

1. Heat a small tobtioe of the sttbbtanoe with wateb 22 
acidified with aoetio acid. If htdbogen is evolved, ibis 
indicates a light metal (possibly also manganese). 

2. Heat a sample on chabcoal in the bedtjcing flame 28 
OF the blowpipe, and observe whether the substance fuses, 
whether a coating is formed, or an odor emitted, etc. 

By this operation, the following metals may be de- 
tected with more or less certainty : absenic by the smell 
of garlic ; mebodbt by its volatility ; antimont, zinc, lead, 
BISMUTH, CADMIUM, TIN, siLVEB, by fusing, with coating of 
the charcoal (compare 16) ; coppeb by the green coloration 
of the outer flame. Further conclusions may be reached 
when the substance is a single metal nearly or quite 
pure ; for instance, COLD fuses without forming a coat- 
ing ; while platinum, ibon, manganese, nickel, and cobalt, 
when pure, do not fuse in the blowpipe flame. 

8. Heat a sample of the substance befobe the blow- 24 

FIFE IN A glass TUBE CLOSED AT ONE END. 

CL No SUBLIMATE IS FOBMED IN THE OOLDEB PABT OF 
THE TUBE : absence of mercury. 

1 . A SUBUMATE IS FOBMED : presence of mebcubt, 
cadmium; or ABSENIC. The sublimate of mercury, 
which consists of small globules, cannot be easily 
confounded with that of cadmium or arsenic. The 
fact that a sublimate is not formed, however, does 
not justify the conclusion that cadmium and arsenic 
are not present. 

After the termination of the preliminary examination, 
proceed to the solution of the substance, as directed in 
§217(42). 
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§213. 

B. The Substance under Examination is a Liquid. 

1. Evaporate a HUfAT.T, portion of the uquid in a plati- 26 
nnm capsule, or in a small porcelain crucible, to ascertaiu 
irhether it actually contains any matter in solution ; and 

if a residue remains, examine this as directed in § 211. 

2. Test with iituus-papee (blue and red). 

a. The liquid reddens blue litmus-paper: this 26 
reaction may be caused by a free acid or an acid salt, 
as well as by normal salts of the heavy metals, 
soluble in water. To distinguish between these two 
cases pour a small quantity of the liquid into a 
watch-glass, and dip into it a small glass rod, after 
moistening the extreme point of the latter with dilute 
solution of sodium carbonate. If the liquid remains 
clear, or if the precipitate which may form at first 
xedissolves upon stirring the liquid, this proves the 
presence of a free acid or of an acid salt ; but if the 
fluid becomes turbid and remains so, this generally 
denotes the presence of a soluble salt of a heavy 
metal. 

h. Beddened utmus-pafeb turns BLUE: this indi- 27 
cates the presence of an alkali or alkali-earth metal 
in the state of hydroxide, sulphide, or (alkali metal) 
carbonate, as well as a series of other salts of the 
alkali and alkali-earth metals with weak acids 
(among the compounds containing heavy metals, 
only a few lead salts, e.g., basic lead acetate, and 
also the solutions of thallous hydroxide and carbon- 
ate, give an alkaline reaction). 

3. Smell the fluid, or, should this fail to give satis* 28 
&etory results, distil, to ascertain whether the simple 
solvent present is water, alcohol, ether, etc. If it is not 
water, evaporate the solution to dryness, and treat the resi- 
due as directed in § 211. 

4. If the solution is aqueous, and manifests an acid 28 
reaction, diluie a portion of it largely wtoh water. 
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Should this impart a milkj appearance to it, the pres- 
ence of ANTIMONI or BisiTOTH (or possibly also of tin or 
lead) may be inferred. (Compare § 141, 9, and § 154, 4.) 

On completing the preliminaiy examination of a 30 
liquid, the operator may proceed to its actual analysis. If 
the solution is aqueous and reada muirdl, only bodies 
which are soluble in water can be present. On the con- 
trary, if it has an acid reaction, in consequence of the pres- 
ence of a free acid, it can no longer be considered simply 
aqueous, and the analysis must be conducted with regard 
to the possible presence of substances insoluble in water, 
but soluble in acids. Bearing in mind these considerations, 
the operator passes on, if the assumption is warranted 
that only one base and one acid are present, to §§ 218 
and 219 or 220, or, as the case may be, to §§ 221 and 222 
or 223. If, however, the above assumption cannot be 
made, he should proceed according to §§ 225 and 235 or 
236, or, as the case may be, 237 or 238. If liquids react 
alkaline, §§ 218 and 219 or 220 should be followed, if it 
may be assumed that only a single base and acid are 
present, and in the other case, §§ 225 and 235 or 236, or, 
if the case demands it, 237 or 238. 

n. SoLunoE OF Bodieb, ob OiiAssmoATioN OF Substances 

ACCOBDINa TO TEQBEB DeFOBTMENT WITH OeBTAIN SOL- 
VENTS.* 


§214. 

Water and acids (hydrochloric acid, nitric add, aqua 31 
regia) are the solvents used to classify simple or com- 
pound substances, and to isolate the component parts of 
mixtures. We divide substances into three classes, accord- 
ing to their respective deportment with these solvents, 
as follows : 

Firat daaa. — Substanoes soluble in wateb. 

Second daaa. — Substances insoluble ob sfabinolt 

SOLUBLE IN WATEB, BUT SOLUBLE IN HXDBOCMLOBIO ACUD, 
NTTBIO ACID, OB AQUA BEOIA. 


* Consult the remarks In the Third Section. 
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Third class. — Substances insoluble ob spabinglt 

SOLUBLE IN WATBB, AS WELL AS IN HYDBOCHLOBIO AOIB, 

NITBIO ACIB, OB AQUA BEGIA. 

The solution of metals and alloys being more appro- 
priately effected in a somewhat different manner from 
that pursued with other bodies, a special method will be 
given for these substances (see § 217). 

The process of solution is conducted in the following 
manner : 

A. The Substance undeb Eeaihnation is neithbb a 
Metal nob an Allot. 

Seeple Compounds.* 


§ 215. 

If a simple compound is to be examined, find in 32 
which class it belongs in regard to solubilify. Fox this 
purpose treat a small portion with distilled water, then if 
necessary with dilute hydrochloric acid, concentrated hy- 
drochloric add, nitric acid, and aqua regia, in the order in 
which they are here given, first without, and then with, the 
application of heat. If the small sample is brought into 
solution by one of the solvents, treat a somewhat larger 
portion (about 1 g)iu the same manner, and proceed with 
aqueous solutions according to §§ 218 and 219 or 220 ; with 
add solutions by §§ 221 and 222 or 228 ; and with bodies 
insoluble or difficultly soluble in acids according to § 224. 

The phenomena which may occur in the treatment 33 
with ETDBOOHiOBia AOiD, and which must be carefully 
noticed, axe — 

a. Effervescence, indicating carbonic a dd or 
hydrogen sulphide. 

fi. Evolution of chlorine, indicating peroxides, 
chromates, etc. 

y. Evolution of an odor of hydrocyanic add, indi- 
cating cyanides insoluble in water (since the latter are 

•This name is selected for the sake of brevi^, and is used here and 
beifODd for those compounds In which only one haw and one add, or one 
metal asd one non-metal» are asaumed to be present 
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more oonyementlj decomposed in a different manner, 
a special section is devoted to them; see § 240). 

In the treatment with nttbio acid, the evolution of 
nitric oxide (the appearance of red fumes) indicates that 
a process of oxidation is taking place. If the sub- 
stance dissolves in acd)S, with separation of sulphur (to be 
recognized bj its appearance, color, and specific gravity, 
and may be separated by filtration after long boiling), 
or of silicic acid, usually gelatinous, a sulphide or a sili- 
cate decomposable by acids is present. The solution, 
filtered after dilution,* is then to be investigated by § 221 ; 
and the precipitate remaining nndissolved and filtered off 
may be tested further according to § 224. 

CoMPIiEX G01IF0UI)DS.t 
§216, 

If a complex compound is the object of investigation, 34 
it is advisable at fiLrst, if necessary, to separate the sub- 
stances from each other according to their solubilities. 

For this purpose proceed as follows : 

1. Put about 1 to 3 g of the pulverized substance into 
a flask, add about ten times its amount of distilled water, 
and heat to boiling over a spirit- or gas-lamp. 

a. A OLEAB SOLUTION IS OBTAINED. In this case, all 35 
its constituents belong to the first solubility-class, and 
attention must be paid to what has been stated in 
the preliminary examination (30) with respect to the 
reaction. For the determination of the metals proceed 
according to § 225 ; for the acids, according to § 235, 
or, if the case requires it, § 236. 

h. As INBOLUBLE BESIDUB BEBAINS, EVEN AFTEB FBO- 36 
TBAOTED BOHiNa. Let the residue subside, and filter 
the fluid off, if practicable, in such a manner as to 

*A turbidity produced by this dilution indicates bfannntb or antimony 
(possibly also tin or lead). A turbidity caused by the first two may be re- 
moved by the addition of hydrochloric add. 

f By these are meant, both here and beyond, componnda or mixtures in 
which all the common^ occuiiing bases, adds^ metals, and non-metals may 
be present 
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rst&iii tho residue in tie fliisk j tien evaporate a few 
drops of tie clear filtrate in a platinum or porcelain 
disi. If notiing remains, tie substance is completely 
insoluble in water, in which case proceed as directed 
at 37 ; but if a residue remains, constituents of tie 
substance are soluble in water. Boil repeatedly with 
water in order to bring tie constituents soluble in 
that liquid as completely as possible into tie aqueous 
solution,* and tien proceed with this as given in 35, 
but with tie undissolved residue according to 37. 

2. Treat a portion of tie substance which is insoluble 87 
in water, or tie residue which has been extracted with 
water as far as possible, with dilute eilboohlobio aoid. 

If it does not dissolve, or does not dissolve completely, 
heat to boiling, and if this fails to effect complete solution, 
decant tie fiuid into another fiask, boil tie residue with 
concentrated hydrochloric acid, and, if it dissolves, add 
tie solution to that which was poured off. 

Concerning tie reactions which may manifest them- 
selves in this treatment with hydrochloric acid, compare 
83. 

a. The substahce is coupletelt dissolved by the 88 
HYDBOOHiiOBic AOID (except perhaps that sulphur or 
gelatinous silicic acid separates ; compare 33). The 
substance insoluble in water (or the proximate 
constituents of it) belongs to the second class in 
regard to solubility. Go on to § 226. Any separated 
sulphur or silicic aoid is to be tested, if necessary, by 
§239. 

b. Thebe is still a eesddde left. In this case put 
aside for the present the flask containing the sample 
which has been boiled with the hydrochloric aoid, 
and go on to 39. 

3. If hydrochloric acid has not completely dissolved 38 
the substance insoluble in, or extracted as far as possible 
with, water, try to dissolve another portion of it by heating 
with NiTBio AdD and adding water afterwards. 

* If aabstancea difficultly solnble In water are present («.p., caldiun sul* 
pliateor lead dUoride), one should be satisfied with boiling four times, because^ 
in this OSSA a complete ezhaustlov with water is difficult to attain. 
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Concerning the phenomena which may take place 
during this treatment, compare 33. 

а. Complete solution takes place by teeatment 
WI T H NITECO ACID (or Only sulphur or silicic acid 
separate \ compare 33). In this case, also, the sub- 
stance insoluble in water, or the proximate constitu- 
ents of it, belong to the second solubility-class. 
Proceed with the nitric acid solution by § 225, HI., 

109, and otherwise as directed in 38, 

б, Thebe is still a eesidue left upon heating 
WITH Nintio ACID. Pass on to 40. 

4. If the residue insoluble in water will not entirely 40 
dissolve in hydrochloric acid nor in nitric acid, try to effect 
complete solution of it by means of aqua regia (nitro- 
hydrochloric acid). To this end, mix the contents of the 
flask treated with nitric acid with the contents of that 
treated with concentrated hydrochloric acid, heat the 
mixture slowly at last to gentle boiling, and should this 
fail to effect complete solution, decant off the clear fluid 
from the undissolved residue, heat the latter for some 
time with concentrated nitro-hydrochloric acid, and then 
add the decanted solution of dilute aqua regia, as well as 
the solution in dilute hydrochloric acid decanted in 37. 
Heat the entire mixture once more to boiling, and ob- 
serve whether complete solution has now been effected, 
or whether the action of the concentrated nitro-hydro- 
chloric acid has still left a residue. In the latter case 
filter the solution — ^if necessary, after additio*- of some 
water *— wash the residue with boiling water, and proceed 
with the filtrate and the washings added to it, as directed 
in § 226. In the former case proceed with the clear 
solution in the same way.f 


* If the liquid turns turbid upon addition of water, this usually indicates 
the presence of bismuth or antimony; but the turbidity will disappear upon 
addition of hydrochloric acid. 

f Where the add solution on cooling deposits acicular crystals, the latter 
geuemlly consist of lead chloride. In that case, it is often advisable to decant 
the fluid from the crystals, and to examine each part separately. Where on 
boiling with aqua regia metastannic chloride has been formed, the washing 
water dissolving this becomes turbid on dropping into the strongly add 
fluid which has run off first. In that case receive the wadiing water in a 
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6. If boiling nitro-bydrochloric acid has left an undis- 41 
solTed residue, ■wash it thoroughly with boiling water, and 
then proceed with it as directed in § 239. 

B. The Sdbstasob dkdeb Examination is a Metal oe 
AN Alloy. 

§217. 

The metals are best classed according to their behavior 42 
with nitric acid, as follows : 

1. MBTAia WHIOH AEE NOT ATTACKED BY NITBIO AOID : 
gold, platinum. 

n. Metals which aee oxidized by niteio acid, but 
WHOSE oxides do NOT DISSOLVE (in any considerable amount) 

IN AN EXCESS OP THE ACID OE IN WATEii : antimony, tin. 

III. Metals which are oxidized by niteio acid and 

CONVERTED INTO NTTBATES, WHICH DISSOLVE IN AN EXCESS OP 
TEE ACID OB IN WATEB : all the Other metals. 

Since the chemically pure, reguline metals are only 
very seldom the object of qualitative analysis (for almost 
all the commercial metals are not chemically pure, but 
contain smaller or larger amounts of other elements), 

1 shall not give separately here methods for treating 
metals and alloys, but shall consider the latter only, 
because the process will then be suitable under all cir- 
cumstances, whether actual alloys, impure metals, or 
even pure metals are under examination. As far as the 
amounts to be treated with nitric acid are concerned, very 
small portions suffice for pure metals ; while for the deter- 
mination of the essential constituents of alloys (that is, 
their analysis where small amounts of metals occurring as 
impurities are not taken into account), 1 to 8 g suffice. If, 
however, it is a question of finding the metallic impurities, 
usually occurring only in traces, in metals produced by 
metallurgical processes (ejg., testing soft lead for bis- 
muth, copper, antimony, iron, zinc, silver, etc.), amounts 
as large as 100 to 200 g must be operated upon. 

sepante veaael, and ttest the two solutions separately with hydrotgen sulphide^ 
as directed In § 226 , but filter afterwards through the same filter. 
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Heat the sample with nitric acid of 1.2 sp.gr., to 
which an equal volume of water is added if lead nitrate 
separates. 

1. Complete solution takes place, eitheb at once oe 48 
UPON addition of watee : this proves the absence of plati- 
num,* gold, antimony,t and tin. As the case demands, 
only one or several metals being assumed to be present, 
proceed according to § 221 or § 225, in., 109. 

2. A EESIDUE IS LEFT. Filter this off, and after having 
tested to find if anything at all was dissolved, proceed 
with the filtrate, according to § 225, III., 109. 

а. The residue is TnetaUic. Dissolve it in aqua 44 
regia, and test the solution for gold and platinum by 

§ 151. 

б. The residue is white and pulverutent: this 
generally indicates antimony or tin. If the case 
warrants the assumption that only one or the other 
of these metals is present, it is sufficient to fuse the 
washed and dried residue with sodium carbonate and 
some potassium cyanide, or with sodium formate in a 
cavity on charcoal in the reduciug flame of the blow- 
pipe, m order to see whether a ductile tin bead or a 
brittle one of antimony is obtained. But if several 
metals may be present, the case becomes more com- 
plicated, since bismuth arsenate is difficultly soluble 
in nitric acid ; and lead oxide, copper oxide, and 
other metallic oxides may remain behind with the 

« antimonic acid and the metastannic acid. In this 
case, it is best to fuse the washed and dried residue 
in a porcelain crucible, kept well covered, with about 
four parts of a mixture of equal parts of sodium car- 
bonate and sulphur, then to let the mass cool, and 
treat it with water. If a residue remains, filter and 
wash it, then dissolve it in nitric acid, and test the 
solution according to § 226, m., 109, for the metals 
of the fifth and fourth groups. The yellow alkaline 

* Alloys of silver and platinum, with the latter metal present in small pro- 
portion only, dissolve in nitric acid. 

f Very minute traces of antimony, however, are often completely dissolved 
by nitric add. 




444 


SYSTEMATIC OOTTBSE OF ANALYSIS. 


[§217 


solution, on the other hand, is acidified with hydro- 
chloric acid, the metals of the sixth group are thus 
precipitated, and the washed precipitate is examined 
by §228. 

c. The residue is a whUe, floccdemt one : this indi- 45 
cates separated smcio aced, but since the heavy- 
metal compounds mentioned in h may be mixed with 

it, treat in the first place a well-washed portion of it 
in a cavity on charcoal with sodium carbonate and 
potassium cyanide or with sodium formate, by which 
means the heavy metals may be detected. If these 
are present, fuse the remainder of the residue as 
directed in h with sodium carbonate and sulphur, 
obtaining the silicic acid in solution. If the solution, 
sufficiently diluted, is acidified with hydrochloric 
acid, the sulphides of the sixth group (to be ex- 
amined by § 228) are filtered off, the liquid is evapo- 
rated to dryness, and the residue is treated with 
hydrochloric acid, the silicic acid remains undissolved 
(8 180, 2). 

d. The residue is a UacTe one : this indicates 
separated oabbob. Test a portion in the first place, 
to find if it is completely consumed when heated 
strongly and persistently upon platinum foil. If a 
residue remains, examine it according to a, 5, or c, as 
its properties may indicate. 
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m. Actual Analysis. 

Simple Compounds.* 

A. Substances soluble in Wateb. 

Detection of the Metcd.^ 

§ 218. 

1. Add a little hydrochloric acid to a part of the not 46 
foo concentrated aqueous solution. If the liquid reacts 
alkaline, hydrochloric acid must be added to distinct 
acid reaction. 

a. No PBEOIPITATE BESULTS : the absence of silver 
and mercurous salts is indicated, as well as the 
absence of any considerable quantity of lead. Pass 
on to 60. 

b. A PBEOIPITATE IS POBMED, WHICIH IS NOT BIS- 47 
SOLVED UPON THE ADDITION OP MOBE HSDBOOHLOBIO 
ACiD.j; Divide the liquid in which it is suspended 

^ As has been mentioned above, this term is used for the sake of brevity, both 
here and subsequently, for those compouuds in which it is assumed that only 
one base and one acid, or one metal and one non metal, are present. The salts 
are usually to be considered as normal. The present section has the special 
aim of facilitating instruction in analysis, since it is advisable that the analysis 
of simple compounds should precede that of complex bodies. In actual 
analysis, only exceptional use can be made of this section, because there is no 
external criterion which indicates whether a body contains only one base or 
acid or whether it contains several. 

t In this course, arsenious acid, arsenic acid, and silicic add are taken into 
consideration, because their detection takes place conveniently here. 

Besides silver chloride, meicurous chloride, and lead chloride, as well as 
basic antimony salts and basic bismuth chloride (the basic salts, however, dis- 
solve in a small excess of hydrochloric acid), the precipitate by hydrochloric 
add may contain silicic acid if the solution was concentrated and had a strong 
alkaline reaction. Moreover, if the solution was concentrated, the precipitate 
may possibly contain also barium chloride and metastannic chloride, and 
further, if the preliminary examination has shown the presence of organic 
substances, benzoic or salicylic acid may be precipitated. The silicic add 
precipitate is gelatinous; while barium chloride, benzoic add, and salicylic 
add are crystalline. The predpitates of barium chloride, metastannic chlo- 
ride, silicic, benzoic, and salicylic adds will not be obtained if the solution is 
suffidently diluted with water, and hydrochloric acid is added only in small 
amount 
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into tiro parts, and to one of them add ammonia in 
excess. 

a. The ^precipitate disappears, and the Uguid 
lecpmes dear. In this case, it was silrer chloride, 
and the presence of silveb is shown. For con- 
firmation, test the original solution with potassium 
chromate and with hydrogen sulphide (see § 185, 

8 aud 4). 

/S. 71>e predpiUiie heeomea hlaok. In this case, it 48 
was mercurous chloride, which is decomposed by 
ammonia (§ 136, 6). By this, the presence of 
(mercurous) mebotjby is recognized. For confirma- 
tion, test the original solution with stannous 
chloride and with metallic copper (§ 186, 7 and 8). 

y. The precipitate remcdne unchanged. In this 49 
case, it is lead chloride, which is not dissolved by 
ammonia. The presence of lead is shown by this. 
Confirm by dUnting the other half of the solu- 
tion, in which the precipitate produced by hydro- 
chloric acid is suspended, wi& much water and 
boiling. The precipitate must dissolve if it is 
really lead chloride. Confirm further by testing 
portions of the original solution with hydrogen 
sulphide and with sulphuric add (g 137, 4 and 8). 

2. Add hydrogen sulphide water to the solution which 60 
is addified with hydrochloric add, until it smells dis- 
tinctly of hydrogen sulphide even after shaking, heat the 
liquid, add more hydrogen sulphide water, and let it 
stand for a short time.* 

a. The uquid btmatnb gleab. Pass on to 86, for 
lead, bismuth, copper, cadmium, mercury (in mer- 
curic salts), gold, platinum, tin, antimony, arsenic, 
and iron (in fetxio compounds) ore not present. 
h. A FBBCIPmTE IB 0B3A1HED. 
a. The PBEOiFii'AXB IS WHi ' A ' E . In this case, it is 61 


*If fi precipitate la formed at once upon the addition of.hydrogen sul- 
{Aide fratcr, the heating; etc.. Is not necesssiy; hut If the liquid remains clear 
or becomee only slightly turbid, the above process must be strictly followed, 
for otherwise there la oanger that arsenic add and stannic salts may be over- 
looked. 
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dne to snlphnr, and indicates a substance which 
decomposes hydrogen sulphide, with the separa- 
tion of sulphur.* Ferric salts most commonly 
produce this separation of sulphur (§127, 8). Test 
for them in the original solution with potassium 
ferrocyanide (§ 127, 6). If a ferric salt is not 
found, and if a change of color of the solution did 
not lead to the conclusion that chromic acid or 
hydroferricyanic acid were present (see foot-note), 
pass on to 66. 

The precipitate is tellow. This may be 52 
cadmium sulphide, sulphide of arsenic, or stannic 
sulphide, and therefore indicates the presence of 
cadmium, arsenic, or tin (stannic). To distinguish 
these cases, add ammonia in excess to a portion 
of the liquid in which the precipitate is suspended, 
then add a little ammonium sulphide, and warm, 
oa. It does not disappear: cadmium, for cad- 
mium sulphide is insoluble in ammonia and am- 
monium sulphide. Confirm by testing the origi- 
nal substance or the precipitate thrown down 
from the solution by ammonium carbonate, by 
means of the blowpipe (§ 142, 9). 

IK It disappears: tin (stannic) or arsenic. 
Add sodium carbonate to a part of the original 
solution. 

aa. A white precipitate is formed : STANNIO 
OXIDE. Confirm by reduction of the pre- 
cipitate with sodium carbonate and potassium 
cyanide or with sodium formate before the 


* In this reaction, if the color of the solution changes from reddish-yeHow 
to green, this indicates chromic acid, but if it gradually changes from yellow to 
light blue, hydroferricyanic acid is indicated. In the first case, two bases are 
therefore in solution after the action of hydrogen sulphide, chromic oxide, and 
the base winch bad been combined with the chromic acid, and one should 
proceed as In § 280. In the second case, moisten the dry substance, or the 
residue obtained by evaporating the aqueous solution, with some concentrated 
sulphuric acid, heat under a good d^augh^hood until the greater part of the 
sulphuric acid has escaped, dissolve the residue in water, and proceed with 
the solution, which now contains ferric sulphate derived from fenicyauogen 
in addition to the sulphate of the base originally present, according to § 280. 
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blowpipe (§ 153, 11), or by testing the original 
solution with ammonium nitrate (§ 153, 8). 

yffyS. 2^0 predpUaie is formed: absenio. If 
the solution contained arsenious acid, the yel- 
low precipitate was immediately formed by 
hydrogen sulphide. Confirm by testing the 
original solution by § 155, 6 and 8. If it con- 
tained arsenic acid, the precipitate was pro- 
duced by hydrogen sulphide only after warm- 
ing, or standing for some time. Confirm 
according to § 156, 5 and 9. 

y. The fbeoipitate has an obanoe colob. It 63 
is antimony sulphide, and indicates aneqiont. 
Confirm this by testing the original solution with 
zinc in a platinum dish (§ 154, 9), and determine in 
which state of oxidation the antimony is present 
by § 157, 11. 

S. The fbeoipitate is dabe bbown. In this 54 
case, it is stannous sulphide, and shows the presence 
of a STANNOUS BALT. For confirmation, test a small 
part of the original solution with mercuric chloride 
(§ 152, 9). 

£. The PBEdPITATE IS BBOWNISH-BLAOE OB BIACE. 56 
It may then be lead sulphide, copper sulphide, bis- 
muth sulphide, gold sulphide, platinum sulphide, 
or mercuric sulphide. To distinguish these cases, 
make the following experiments with the original 
solution : 

ao. To a part, add dilute sulphuric acid. 
White precipitate : lead. Confirm with potas. 
sium chromate (§ 137, 9). 

55. To a portion, add potassium or sodium hy- 
droxide to strong alkaline reaction. Yellow pre- 
cipitate: UEBouBio OEn>E. Confirm with stannous 
chloride and with metallio copper (§ 139, 6 and 
9). 

The presence of a mercuric sidt may be usu- 
ally recognized by the fact that flie precipitate 
which results from the addition of hydrogen sul- 
phide water does not appear black at first, but 
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changes to this color, only after the addition 
of an excess of the precipitant^ going through 
Thite, yellow, and orange to black (§ 189, 8). 
With very acid eolations, the testing with potas* 
Siam or sodium hydroxide does not give a result 
(§189,4). 

oe. To a par^ add ammonia in excess. Bluish 
precipitate, which dissolves in an excess of am- 
monia with an azure-blue color, or simply a dear 
azure-blue liquid : ooppeb. Confirm with potai^ 
sium feirooyauide (§ 140, 9). 

(2d. If a white precipitate, which is insoluble 
in an excess of ammonia, is produced in cc^ filter 
it off, wash it, and dissolve a part of it on a watch, 
g^ass in one or two drops of hydrochloric acid 
with the addition of two drops of water, and then 
add more water. If a milky turbidity results, it 
is caused by basic bismuth chloride, and there, 
fore shows the presence of bibexith. .Confirm 
by testing a few drops of the original solu* 
tion with a solution of stannous chloride in 
sodium hydroxide (§ 141, 10). > 

ee. Add ferrous sulphate solution to a part 
of the original solutioiu If a fine, brown pre- 
cipitate of metaUic gold is produced, this metal 
is present. Confirm by treating this precipitate 
before the blowpipe, or by testing the original 
solution with st^ous chloride (§ 149, 7). 

To a part of the solution, concentrated, 
if necessary, by evaporation, 'add ammonium 
chloride and alcohol If a yellow, crystallins 
precipitate results, PiiLTDlDM is present. Confirm 
by igniting the precipitate (§ 160, 6). 

8. To a part of the original solution add ammonium 68 
diloride,* then ammonia to alkaline reaction, and finally 
(whether ammonia has produced a precipitate or not) a 
little ammonium sulphide, and warm gently if no precipi- 
tate has been produced in the cold. 

* The object of the addition of ammonium (diloride la to ptevent the pie. 
ebpitathm by Mnmmiia of any magnesium that may he present. 
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a. No PBECIFITATE IS PBOLTTCED. PaSS On to 62, 
for iron, cobalt, nickel, manganese, zinc, chromium, 
aluminium, and silicic acid are not present* 

5, A PBECIPITATE IS PBODUCED. 

a. If is Hack : iron (ferrous),t nickel, or cobalt. 67 
Mix a portion of the original solution with potas- 
sium or sodium hydroxide. 

aa. A dirty greenish-white precipitate is ob- 
tained, which soon becomes reddish-brown in the 
air, but upon boiling becomes gray to blackish : 
PEBBOUS OXIDE. Confirm with potassium ferricy- 
anide (§ 125, 8). 

H). A light green precipitate is obtained, 
which does not change its color either in the air 
or upon boiling : NIOEEL. Confirm by ammonia, 
with the addition of potassium or sodium hy- 
droxide (§ 124, 7). 

cc. A sky-blue precipitate is obtained, which 
becomes light red or also discolored and brown- 
ish upon boiling: cobalt. Confirm by the 
borax bead reaction (§ 125, 16). 

IS. It is not black. 

aa. It is distinctly flesh-red, then it is man- 58 
ganese sulphide, and radicates ]uanoabese. Con- 
firm this by adding sodium hydroxide to the 
original solution, or by fusing the substance 
with sodium carbonate (§ 123, 6 and 14). 

66. It is bluish-green, and is therefore chromic 
hydi’oxide, and indicates CHBOsouM.ij: Confirm 


*Tbl8 conclusion in regard to aluminium and many of the heavy metals 
mentioned is certain only when organic substances, especially non-volatile or- 
ganic acids, ate absent, since these may interfere with or prevent the preciidta- 
don not only of aluminium and chromium hydroxides, but also that of man- 
ganese sulp.iide, etc. (compare § 128, 6). Therefore, If the original gnhn t«nn« 
contained organic substances, and the preliminary examination has indicated 
a metal of the third or fourth group, fuse a portion of the substance with 
sodium carbonate and nitrate, soak out with water, warn with hydrochloric 
add, filter, and test the solution thus obtained hp 86* 

f lion in the ferric condition must have been already found In 61. 
t Under certain conditions, manganese may predpltate as a green 
fanese sulphide (§ 128, S). 
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this by treating the original solution with sodium 
hydroxide, or by means of the sodium metaphos- 
phate bead (§ 107, 3 and 11). 

cc. It is white, and does not dissolve upon 59 
warming with some more ammonium sulphide,* 
then it may be aluminium hydroxide, hydrated 
silicic acid, or zinc sulphide, and therefore 
shows the presence of either aluminium, zinc, or 
silicic acid, tlie latter of which generally exists 
in the form of an alkali-metal silicate in the 
original solution. To distinguish these, care- 
fully add sodium hydroxide solution to a small 
part of the original solution, waiting to see 
whether a precipitate is formed by it, and if 
necessary add more of the caustic soda until the 
precipitate has dissolved. 

ofur. If no precipitate was formed by so- 60 
dium hydroxide, there is reason for testing for 
silicic acid. Evaporate, therefore, a sample of 
the original solution to dryness with an ex- 
cess of hydrochloric acid, and take up the 
residue with hydrochloric acid and water 
(§ 180, 2), whereupon the siLioic aoid remains 
undissolved. The alkali going into solution 
is determined according to 66. 

/S/S. If a precipitate was produced by 
sodium hydroxide and redissolved in an ex- 
cess, add to a portion of this alkaline solu- 
tion a little hydrogen sulphide water (not so 
much that a considerable excess of the sodium 
hydroxide does not still remain unchanged). 
White precipitate: ziNO. Confirm by test- 
ing a portion of the original solution with 
potassium ferricyanide (§ 122, 13). If hydro- 
gen sulphide produced no precipitate, add 


* A white precipitate produced by ammonium sulphide, and soluble upon 
wanning with more ammonium sulphide, would b * sulphur which hud been 
separated by the action of some body which decomposes ammonium sul- 
phide in alkaline solution a ferricyanide which might have been over- 
looked in 61). 
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ammonium chloride to the remainder of the 
alkaline solution, and heat. White precipitate, 
not soluble in more ammonium chloride : 
ALimiNiirx Confirm bj testing the filtered 
and washed precipitate with cobalt solution 
before the blowpipe (§ 106, 11). 

Note to 58 and 69. 

Tery slight impurities may render indistinct the colors 
of the precipitates considered in 58 and 59, and in case 
this appears to happen, the following method is to be 
pursued for the detection of manganese, zinc, aluminium, 
chromium, and silicic acid ; 

To a part of the original solution add sodium hy- 
droxide solution carefully, first in small amount, then in 
excess. 

m. No precipitate is formed : this indicates 61 
Stuoic Aom. Proceed by 60, aa. 

66. A whitish precipitate is formed, which does 
not dissolve in an excess of the precipitant, 
and quickly becomes brownish-black in the air ; 
UAUQANESE. Confirm by fusing with sodium car- 
bonate (§ 123, 14). 

oc. A precipitate is formed which dissolves in 
an excess of the sodium hydroxide : ohbomium, 
AEuimnuu, zma 

aa. Add to a portion of the clear alkaline 
solution a hydrogen sulphide water 

(not so much that a considerable excess of 
the sodium hydroxide does not remain un- 
changed). White precipitate : zmo. Con- 
firm by precipitating a portion of the original 
solution vrith sodium carbonate, and testing 
the washed precipitate with cobalt nitrate 
(§ 122, 8 and 15.) 

In case the original solution appears 
green or violet, or the alkaline solution ap- 
pears green, and in case the precipitate pro- 
duced and redissolved by sodium hydroxide 
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was bluish-green, oheomium (as a chromic salt) 
is present. Confirm by bo ilin g the alkaline 
solution or by means of the sodium metaphos- 
phate bead (§ 107, 3 and 11). 

yy. Add ammonium chloride to the alka- 
line solution, and heat. White precipitate, not 
soluble when more ammonium chloride is 
added : aluminium. Confirm by testing the 
filtered and washed precipitate with cobalt 
solution before the blowpipe (§ 106, 11). 

4. To a part of the original solution add ammonium 62 
chloride and ammonium carbonate, to which some am- 
monia is added, and warm gently. 

а. No PBEdPiTATE IS PQBMED : absence of barium, 
strontium, and calcium. Pass on to 64. 

б. A PEEOIPITATE IS FOEMED : presence of barium, 63 
strontium, or calcium. Filter off the precipitate, 
wash it, dissolve it in dilute hydrochloric acid, evapo- 
rate the solution to dryness, warm the residue with a 
little water, filter, and add an equal volume of gypsum 
solution to a portion of the liquid. 

or. No turbidity resvltSf even after from 5 to 15 
minutes : oaloium. Confirm by boiling a portion of 
the original solution with a concentrated solution 
of ammonium sulphate, filtering, and testing the fil- 
trate with ammonium oxalate (§ 102, 3 and 5). 

fi. No turbidity results at first, but one appears 
after some time: stbontium. Evaporate a sample 
of the original solution, after the addition of hydro- 
chloric acid, to dryness, and test by the flame 
reaction (§ 101, 7 or 8). 

y, A precipitate results at once : BABIUM. Con- 
firm with hydrofluosilicic acid or potassium dichro- 
mate (§ 100, 6 and 9). 

5. To the portion mentioned at 62, in which no pre- 64 
cipitate has been obtained by ammonium carbonate after 
the addition of ammonium chloride, add sodium phos- 
phate or ammonium sodium phosphate, then still more 
ammonia, and with a glass rod gently rub the surface of 
the glass with which the liquid is in contact. 
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а. No PBEGiPiTATE IS FOBMED : absence of magne- 
Binm. Pass on to 65. 

б. A CBYSTALLINEPBEGIPITATE IS formed: MAGNESIUM. 

6. Evaporate a small amount of the original solution 65 
in a platinum or porcelain dish, and finally ignite gently. 

If carbonization should occur in consequence of the pres- 
ence of organic substances, either increase the heat and 
continue it until the carbon is consumed, or extract the 
latter mth hot water and evaporate the filtrate. 

а. No FIXED RESIDUE REMAINS. Test then for am- 
monium by adding solid calcium hydroxide to the orig- 
inal solution, observing the odor, the cloud produced 
with acetic acid, and the reaction of the escaping gas 
(§ 96, 3). 

б. A FIXED RESIDUE REMAINS : potassium or sodium. 66 
Add hydrochloroplatinic acid to a small part of the 
original solution, shake somewhat, and rub with a 
glass rod. If it reacts alkaline, it is to be first neutral- 
ized with hydrochloric acid. If it is dilute, it should 
be first very much concentrated by evaporation. If it 
contains organic substances, it is evaporated to dry- 
ness, the residue is gently ignited, extracted -with 
water, filtered, the solution is concentrated, and neu- 
tralized if necessary with hydrochloric acid. 

<x. No precipitate, even after 10 or 15 minutes: 
SODIUM. Confirm with acid potassium pyroantimo- 
nate or by fiame coloration (§ 95, 2 and 3). 

TeUoto crystalline precipitate : potassium; Con- 
firm with sodium acid tartrate or by fiame colora- 
tion (§ 94, 4 and 6). 

Simple Compounds. 

A. Substances soluble in Water. 

1. Ddectkm of One Inorganic A<nd. 

§ 219. 

In the first place consider what acids there are 
which form soluble compounds with the metal which 
has been found (compare Appendix IV), and take this 
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into consideration, as well as tlie results of the preL mi- 
nary testing, in making the following ezamination. 

1. Absenious and arsenic Acms, as well as snicio Acm, 67 
have been already detected in the ezamination for the 
metals (62, 60). 

2. Carbonic acid in combination with bases, sulphur 68 
in the form of metallic sulphides, chromio aged, and 
HiDROFERRiOTANio ACID will have been also indicated in 
the ezamination for the metals which has been described. 
The first two are recognized by their effervescence upon 
the addition of hydrochloric acid. The escaping gases, 
carbonic acid and hydrogen sulphide, are readily distin- 
guished by the odor of the latter ; and, if necessary, the 
presence of carbonic acid is confirmed by means of lime- 
water (§ 179, 5 ), and that of hydrogen sulphide with solu- 
tion of lead acetate (§ 187, 4). These reagents also 
permit the detection of free hydrogen sulphide and free 
carbonic acid in aqueous solution. Chromio acid and 
hydroferricyanic acid will have been indicated by the 
separation of sulphur and the changes of color upon the 
addition of hydrogen sulphide water. Confirm the pres- 
ence of chromio acid by means of lead or silver solution 

(§ 166, 8 and 7), and that of hydroferricyanic acid by 
means of ferrous sulphate (§ 186, 6). 

3. Make a test with the aqueous solution (after suffi- 69 
ciently diluting it with water in case it is concentrated) 
by acidifying it with hydrochloric acid and adding a 
little barium chloride, or, if a silver or mercurous salt 
was found, with nitric acid and barium nitrate. 

а. The liquid remains clear ; absence of sul- 
phuric acid. Pass on to 70. 

б. A WHITE, FINELT PULVERULENT PRECIPITATE IS 
OBTAINED : SULPHURIC ACID. This must remain undis- 
solved even when more dilute hydrochloric or nitric 
acid is added. 

4. To a new portion (after it has been made neutral 70 
or slightly alkaline with ammonia in case it had an acid 
reaction, and after filtering if necessary) add some cal- 
cium chloride solution diluted with 4 or 5 parts of 
water. 
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а. No PBECIPITATB IS FORMED: absence of phos- 
phoric acid, oxalic acid,* fluorine, and of consid- 
erable quantities of boric acid. Pass on to 73« 

б. A PRECIPITATE IS PRODUCED. Add at once an 71 
excess of acetic acid. 

a. It dissolves easily : phosphoric acid or boric 
ACID. Add ammonium chloride, magnesium sul- 
phate, and ammonia to a portion of the original 
solution, A crystalline precipitate shows the 
presence of phosphoric acid (§ 172, 7). Test for 
BORIC ACID according to 76. 

It does not dissolve, the liquid appears mUh^ 
lohite after the addition of acetic add, and the pre^ 
cipifate is pulverulent: oxalic acid. Confiirm by 
treating the original substance with manganese 
dioxide and sulphuric acid (§ 175, 7). 

y. It dissolves with difficulty, usually income 79 
pletely, avd the widissolved part of the predpitoie 
appears transpareni and floccuSmt : fluobine. Test 
for this by etching glass (§ 176, 6). 

6. Acidify a new portion with nitric add, and then add 7S 
silver nitrate solution. 

a. The uquid remains oeeab : certain absence of 
chlorine, bromine, iodine, ferro-and ferricyanogen, 
well as of sulphocyanogen ; probable absence of cy- 
anogen (in simple cyanides).t Pass on to 76. 

b. A FBEdPirATE IB FOBMED. 

or. Its color is orange: fbbbioianogen. Confirm 74 
by testing the original solution with ferrous sul- 
phate (§ 186, 6). 

p. Its (dor is white or ydUnoish. Treat the pre- 
^ cipitate wi th ammonia in excess, directly if an alkali 

* If a clironrio or a feiric .alt is present, the fact that a precipitate is not 
produced does not justify the conclusion that oxaUc acid is not present (see 
§ 177). In this case, a portion of the original substance must be tested with 
constated sulphuric acid or with sulphuric acid and manganese dioxide 
(§ 176, 6 or 7). 

t Among the soluble cyanides is mmcnric cyanide, which does not give a 
precipitate with silver nitrate. Whether or not this fact Is to be taken into 
account is seen from the metal which has been found. For a method of 
detecting cyanogen in this salt, see § 186, 12. 
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. metal or alkali-earth metal is present, but after fil- 
tering and washing if an earth metal or a heavy 
metal is present 

osa. It does not dissolve, even upon warm- 76 
ing : lODiKE or pebbooianooek. In the first case, 
the precipitate is pale yellow ; in the second case, 
white and gelatinous. Confirm the presence of 
iodine with starch and nitrons acid (§ 184, 8), and 
that of ferrocyanogen by ferric chloride (§ 186, a). 

6b. It dissolves with difficulty in the cold, 
but more easily upon warming: bboiune or sitlfho- 
OVANOGEN. The precipitate of silver bromide is 
yellowish-white, while that of the sulphocyanide 
is white. Confirm the presence of bbomipe by 
testing the original solution with chlorine-water 
(§ 183, 6),' and that of seiphooyaeooen with ferric 
chloride (§ 186, c). 

oc. It dissolves easily, even in the cold: 
OHLOBINE or otaeooek. If cyanogen is present, 
the original substance usually smells of hydro- 
cyanic acid. Confirm by the addition of a 
ferrous salt solution, sodium hydroxide, and 
then hydrochloric acid, to the original solution 
(§ 185, 6). If cyanogen is not present, the silver 
precipitate is due to celobine. A sample of the 
original substance heated with manganese diox- 
ide and sulphuric acid yields chlorine (§ 182, 6). 

6. To confirm the presence of bobio aoid or to detect 76 
small quantities of it, add hydrochloric add carefully to 

a portion of the aqueous solution until it is just distinctly 
add, dip a strip of turmeric-paper half-way in the solu- 
tion, and dry it at 100°. If the half which has been dipped 
appears brownish-red, boric acid is present Confirm by 
flame coloration (§ 174, 6, 7, 8, or 9). 

7. Generally the preliminary testing will have already 77 
shown the presence of ' eitbio and ohlobio adds (5). 
Confirm the presence of the first with sulphuric acid 
and ferrous sulphate (§ 193, 6), and that of the latter by 
testing the solid salt with concentrated sulphuric aoid 
(§194, 7). 
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Bimifie Ccmpownda. 

A. SlTBSTABCES SOLUBLE IN WaTBB. 

II. Detection of One Organio Acid. 

§ 220 . 

In the first place, consider what acids form soluble 
compounds with the bases that have been found (com* 
pare Appendix IT), and take this into consideration, as 
well as the result of the preliminary testing, in carrying 
out the following investigation. 

It is assumed in the succeeding course that the organic 78 
acid is present in the free state or combined with an alkali. 

If, therefore, there is another base present, it must be 
first separated. In most cases, this may be done by mak- 
ing the aqueous solution strongly alkaline with sodium 
carbonate, heating to boiling, and filtering. If the sepa- 
ration by this method presents difficulties, separate the 
metal, if it belongs to Groups V or 'VI, by precipitation 
with hydrogen sulphide after acidifying the liquid with 
hydrochloric acid ; if it belongs to Group IV, with ammo- 
nia and ammonium sulphide. After the metallic carbon- 
ate or sulphide has been filtered off, and, if necessary, the 
ammonium sulphide in excess has been removed by acid- 
ifying with hydrochloric acid, heating, and filtering off the 
sulphur, pass on to the following course (79). If the 
metal belongs to Group III, and cannot be removed by 
boiling with sodium carbonate (as may be the case if the 
acid is a non-volatile one), precipitate the latter in a new 
portion with normal lead acetate, wash the precipitate, 
suspend it in water, pass in hydrogen sulphide, filter off 
the lead sulphide, and proceed with the filtrate according 
to the following course. It is also possible to precipitate 
alumina from its compounds with non-volatile acids, as 
aluminium silicate, by means of solution of water-glass. 

For the separation of acetic acid or formic acid from bases 
which render their detection difficult, the salts may als o 
be distilled with dilute sulphuric acid, and the acids de- 
tected in the distillate. 
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1. Add hydrochloric acid to a part of the aqneous 79 
solution, if it is alkaline, to acid reaction. (If carbonic 
acid is thereby evolved, remove this by heating and re- 
peated shaking. Excessively long heating is to be avoided, 

in order not to drive off acetic or formic acid.) To the 
acid or neutral liquid now add ammonia to alkaline re- 
action, then ammonium chloride, and not too small an 
amount of calcium chloride. 

а. No PEECIPITATE IS POBMED, NOT EVEN AFTER SBAK- 
ING AND APTEB SOME TIME : absence of oxalic acid and 
tartaric acid. Pass on to 80. 

б. A PBECIPITATE IS PBODUCED. 

a. It forms only after some time, and is crys^ 
taUine : tabtabic acid. Confirm by examining the 
behavior of the washed precipitate with sodium 
hydroxide solution, or by testing the aqueous 
solution with potassium acetate and acetic acid 
(§ 197, 5 and 4). 

It forms at oruie and is finely pidverdenl: 
OXALIC ACID. Confirm by testing a new portion of 
the aqueous solution, acidified with acetic acid, 
with solution of gypsum (§ 175, 6). 

2. Mix the liquid from 1, a, with about three volumes 80 
of alcohol, close the flask with a stopper, and allow the 
fluid to stand for several hours. 

а. It remains clear : no citric, malic, or succinic 
acid. Pass on to 82. 

б. A white precipitate forms ; citric, malic, or suc- 
cinic acid. Filter it off, suspend it in a little water, 
add hydrochloric acid drop by drop until the precipi- 
tate has just dissolved, then ammonia in excess. Heat 
the liquid in a flask to gentle boiling, and keep it so 
for a few minutes. 

a. The liquid remains clear : absence of citric 
acid. Pass on to 81. 

/3. A heavy, white precipitate forms : oitbio acid. 
Confirm by preparing the lead salt of the acid, and, 
after washing it, testing its behavior with ammonia 
(in which it must be easily soluble), or still better, 
by the preparation and microscopic examination of 
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the baritun salt, which shows a characteristic cijs* 

tallizatiou (§ 198, 6 and 5). 

3. Make a portion of the original solution, or of the 81 
solution prepared according to 78, exactly neutral with am- 
monia or hydrochloric acid, if it is not already neutral, 
and add a little ferric chloride solution. If a brownish, 
pale red precipitate forms, STJCcnuc agd) is present, and if 
the liquid remains clear, it is mauc acid. For further con- 
firmation prepare the lead salt of the acid under examin- 
ation, and test its properties. (Compare § 199, 5, and 
§ 202 , 6 .) 

4. Make a portion of the original solution exactly neu- 82 
tral (if it is not already so) with ammonia or hydrochloric 
acid, and add first a very small amount of ferric chloride 
solution, then somewhat more. 

a. A FLESH-COLOEED, VOLUMINOUS PEECHPITATE IS 
fobmed : BENZOIC ACID. Confirm by treating the orig- 
inal dry substance with hydrochloric acid (§ 203, 2). 

b. An INTENSE VIOLET COLOBATION IS PBODUCED : SAU- 

cracAcm. 

C. A BATHES INTENSE, DEEP BED COLOBATION OP THE 
LIQUID BESULTS, AND UPON BOIIINa, A LIGHT BBOWNISH-BED 
PBECIPITATE SEPABATES : acetic acid or formic acid. 

Warm a portion of the solid salt under investiga- 
tion, or of the residue obtained by evaporating the 
liquid (to which, if it is acid, sodium hydroxide must 
be previously added until it is neutral) with concen- 
trated sulphuric acid and alcohol (§ 206, 7). An odor 
of acetic ether allows the recognition of acetic acid. 

Confirm the presence of pobmic acid, which must 
be inferred if no acetic acid has been found, by mer- 
curio chloride, and by silver nitrate (§ 207, 6 and 4). 
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i^mple Compounds. 

B. Substances insoluble oe DiPHOuiaxy soluble in Wateb, 

BUT SOLUBLE IN HiBBOOHLOBIO AoU), NiTBIO AOID, OB 

Aqua Beoia. 

Detection of the MetoH.* 

§ 221 . 

L Dilute a part of the solution in hydroohlorio acid, 83 
nitric acid, or aqua regia, with water,t and test, in the 
first place, in case the solution was in nitric acid, by 
means of the addition of hydrochloric acid, for siltob, 
MEEOUEi (mercurous salt), and large amounts of lead (46 
to 49). 

If the solution was effected by hydrochloric acid or 
aqua regia, :|: or if a nitric acid solution was not precipi- 
tated by hydrochloric acid, mix a portion with an abun- 
dant amount of hydrogen sulphide water, and test for the 
TiniyrtTfl OP THE SECOND DIVISION OP THE POTH GBOUP, for 
LEAD, for the TtfETATs OP THE SIXTH GBOUP, and for pebbio 
SALTS, by 50 to 56. 

If a metal of the fifth or sixth groups or a ferric salt 
is not found, pass on to 84. If a metal is found which 
has various degrees of oxidation, it is to be borne in mind 
that in solutions which are prepared by the aid of hydro- 
chloric acid only, the oxides generally go into solution in 
•the condition in which they are present ; while upon solu- 


this course, some acids in combination alkali-earth metcds are tahen 
Into consideration, because such salts are encountered, 

flf a white turbidity or precipitation is produced by the addition of water, 
this indicates bismuth or antimony (possibly also tin). (Compare § 141, 9. and 
§ 154, 4 ) Warm with hydrochloric acid until the solution has become clear, 
and then pass on to 50. If the original substance has dissolyed with some difS^ 
■culty in hydrochloric add, the predpitate resulting upon the addition of water 
•may he lead sulphate, lead chloride, or silver chloride. Test for these accord- 
ing to § 224. 

i If the solution still contains chlorine or nitrosyl chloride, a separation of 
sulphur is produced upon the addition of hydrogen sulphide, and since this 
may hide yellow sulphides, the aqua regia solution should he heated before 
adding hydrogen sulphide until it no longer smells of chlorine. (Compare also 
the notes in Section III.) 
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tion in nitric acid or aqua regia, lower degrees of oxida- 
tion are usually changed partly or wholly into higher 
ones. If, therefore, an aqua regia solution is prepared, 
and a ferric, mercuric, stannic, or arsenic compound is 
found in it, it requires a special test to determine in which 
state of oxidation or sulphurization the metals were 
originally present, so far as the matter has not already 
been decided by the behavior of the body to the solvent 
itself. Often with mercury salts) treatment with 
sodium or potassium hydroxide leads at once to a dis- 
tinction, for they separate yellow mercuric oxide from 
mercuric salts, and black mercurous oxide from mercu- 
rous chloride, etc., while the acids combine with the 
alkali, and are easily detected in the filtrate. 

n. To a portion of the acid solution (which is freed 84 
from carbonic acid by heating if necessary, and to which 
ammonium chloride is added if it contains little free acid) 
add ammonia to alkaline reaction, and then, without 
regard to whether ammonia has produced a precipitate or 
not, add some ammonium sulphide, and warm gently. 

a, No PEECIPITATE IS FORMED, EITHEE BY AMMOliOA OB 
AFTER THE ADDITION OF AMMONIUM SULPHIDE : absence 
of metals of the third * and fourth groups, and also, 
if not too great an amount of ammonium salts is 
present, the salts of the alkali-earth metals t to be 
mentioned in 85» Make alkaline with ammonia a por^ 
tion of the acid solution, and proceed, according to 62 
to 65, to test for the alkali-earth and alkali metals. 

J. A PRECIPITATE IS PRODUCED. 

a, A black one indicates iron, nickel, or cobalt.. 
Distinguish these as in 57. 

/?. iL flesh-colored precipitate; manganese. Con- 
firm according to 68, oa. 

* That this conclusion in regard to aluminium and-chromium is unceitaiiL 
under some circumstances is evident from the second foot-note under 06. 

t If small amounts of these salts are dissolved in much hydrochloric add, 
they remain dissolved upon neutralizing the acid with ammonia, on account of 
the action of the resulting ammonium chloride. In the case of alkali-earth 
metal borates, this solubility in ammonium salts is rather considerable, so that 
it may easily happen that somewhat large amounts of these are not predpitated 
by ammonia. 
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y. A Uuiah-green precipitate indicates oheomio 
HYDROXIDE, perhaps also chromio phosphate.* Con- 
firm in respect to chromium, as in 58, hh. Whether 
the chromium is combined with phosphoric acid 
is found by evaporating the original hydrochloric 
acid solution with nitric acid almost to dryness, 
and testing with ammonium molybdate (§172, 10). 

d. A idhite precipitate : this may be zinc sul- 85 
PHIDE. If it was produced by ammonia alone, it 
may be due not only to aluminium hydroxide or 
hydrated silicic acid, but also to a phosphate, bo- 
rate, OXALATE, SILICATE, or FLUORIDE of an ALEAU- 
EABTH METAL, or ALUMINIUM PHOSPHATE, since all 
these are insoluble in water, but soluble in hydro- 
chloric acid, and they therefore separate when the 
acid is neutralized (since they are but slightly sol- 
uble in ammonium chloride). If organic substances 
are present, a precipitate produced by ammonia 
may be due to compounds of certain alkali-earth 
METALS with tartaric or CITRIC ACID. 

To determine which of these substances is 
present proceed as follows : 

oa. Recollect whether the preliminary exam- 8ft 
ination has indicated the presence of silicic acid 
(20). If this is the case, evaporate a portion 
of the hydrochloric acid solution to dryness, 
moisten the residue with hydrochloric acid, and 
add water. If silicic acid is present, it remains 
undissolved. Determine the metal in the solu- 
tion after 56 or 62. 

lib. Add rather concentrated sodium or potas- 
sium hydroxide solution to a portion of the orig- 
inal solution to alkaline reaction; then add 
more, in order to determine if a resulting pre- 
cipitate is soluble in an excess, and boil. 

aa. No permcmont precipitate is formed. 87 
Divide the clear alkaline liquid into two parts, 

*For the sake of completODess, attention is called to the fact that, under 
certain circumstauces, manganese may be thrown down as green manganese 
golphide (compare § 128, 5)- 
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add f^ niTYinninm chloride to one half, and a little 
hjdiogen. sulphide Trater to the otlieir. A pre- 
cipitate which is permanent, even after the ad- 
dition of more ammonium chloride, in the first 
case shows allmisicm, while a precipitate pro- 
duced by a small amount of hydrogen sulphide 
water shows ziso. Determine whether the alu- 
minium was present as phosphate, as in 84, h, y. 

ySyS. A peTiiianeni is formed : pres- 

ence of an alkali-earth metal salt. Now test : 

1. For FEosPHOBic aoiD and the alkali-earth metal 88 
combined with it, by adding ammonia to a portion of the 
hydrochloric acid solution until a precipitate is formed; 
then at once acetic acid, drop by drop, until it is just 
dissolved ; and finally add sodium acetate and a drop of 
ferric chloride solution. If a white, ftocculent precipitate 

is produced, phosphoric acid is present. Now add some 
more ferric chloride until the liquid has become dis- 
tinctly red, boil, filter boiling hot, and then, according to 
62, detect in the filtrate, which is now free from phos- 
phoric acid, the alkali-earth metal which had been com- 
bined with that acid. • 

2. For OSAUC Acm, by mixing a portion of the orig- 
inal substance upon a watch-glass with a few drops of 
water and a little manganese dioxide free from carbo- 
nates, and adding a little concentrated sulphuric acid 
(1 176, 7). Effervescence shows the presence of oxalic 
acid. Find the metal by igniting a new portion, dissolv- 
ing the residue in dilute hydrochloric acid, and testing 
the solution as in 62 to 65. 

3. Bobio kOiD is detected in the weak hydrochloric 89 
acid solution with turmeric-paper (§ 174, 6); and the metal 
oombiued with it, by boiling a portion of the original sub- 
stance with water and sodium carbonate, filtering, wash- 
ing, dissolving the resulting carbonate in as little hydro- 
chloric acid as possible, and treating the solution like 
the one obtained in 63. 

4. Test for fleobine by heating the original sub- 
stanoe, or the precipitate produced by ammonia in the 
hydrochloric acid solution, with sulphuric acid (§ 176, 5). 
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After remoTing the fluorine, determine nrhich alkali- 
earth metal, now as sulphate, is in the residue, by treat* 
ing the latter with hydrochloric acid, testing the solution 
by 62 for calcium, and eventually for magnesium by 64. 

If neither of these is found, examine the residue in- 
soluble in hydrochloric acid for barium and strontium, 
by § 224. 

5. Test for tabtaiuo acid and crmo acid (which can 
be present only when the substance carbonizes by igni- 
tion in a glass tube) and the metals combined with them, 
by boiling the original substance with a solution of 
sodium carbonate, and filtering. The alkali-earth metal 
carbonates are thus obtained upon the filter, while the 
acids are in the filtrate as sodium salts. Examine the 
precipitate by 63, and the solution by 79. 

Simple Compcnmds. 

£. Sttbstances msoLCBLE OB DXEmcuuns SOLUBLE IN Water, 

BUT SOLUBLE IN HTDBOOHLOBIO AoID, NuBIO AoID, OB. 

Aqua Eeou. 

I. Detection of One Inorgmio Add. 

§ 222 . 

1. Ohlobio acid cannot be present, for all the chlo- 90 
rates are soluble in water. hTiTBio acid, which may be 
present in the form of a basic sal^ must have been already 
recognized by ignition in the glass tube (8, oo), and 
cyanogen also (8, gg). Concerning the cyanogen com- 
pounds insoluble in water, see § 240. The test with the 
sodium metaphosphate bead, or the solution of the sub- 
stance, would have called attention to siucio acid. Con- 
firm this by evaporating the hydrochloric acid solution 

to dryness and treating the residue with hydrochloric 
acid and water (§ 180, 3). 

2. Absenious and absenic acids,'’^ cabbonic acid, chromic 91 
AdD, as well as sulphur in the form of sulphides, have 

*To distinguish atseuious and arsenic acids in compounds trhich are 
Insoluble in water but soluble in hydrochloric add, it I ) best to use hydrogen 
sulphide (§ 167, 12). 
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been already found in tlie preliminary examination, in 
dissolving the substance or in testing for the metals, and 
in fact chromic acid would have been detected by the red 
color of the comijound, by the evolution of chlorine 
upon boiling with hydrochloric acid, and by the subse- 
quent detection of a chromic salt in the solution. Con- 
firm by fusion with sodium carbonate (§166, 10). 

3. Boil a portion of the substance with nitric acid. 92 

0 . If nitric oxide gas is evolved, and sulphur is 
separated, the presence of a sulphide is confirmed, 

b. If violet vapors escape, the compound is an 
IODIDE.'®" 

c. If reddish-brown vapors, smelling like chlo- 
rine, are evolved, the presence of a bkomide * is 
shown. In this case, the vapors color starch yellow 
(§ 183, 8). 

4 To a part of the nitric acid solution (which is pre- 93 
viously filtered in ease an insoluble residue is left in it 
upon treating the substance with nitric acid) add silver 
nitrate solution, after diluting with water. White pre- 
cipitate, soluble in ammonia after being washed, and 
fusible without decomposition upon heating : ohloeinb.* 

5. Boil a portion with hydrochloric acid, filter if 94 
necessary, and after diluting with water, add barium 
chloride. If a white precipitate is formed, which does 
not disappear even upon the addition of much water, 
the acid is sULPhubic acid. 

6. Test for bobic acid by § 174, 5 or 9. 95 

7. If none of the acids previously mentioned was pres- 
ent, there is ground for assuming the presence of phos- 
PHOBic ACID, OSALLO ACID, or of FLUOBINE, or that there is 
no acid present. The presence of oxalic acid will usually 
have been noticed in the preliminary examination (8, ee). 
Since phosphoric acid has been already found if it was 
combined with an alkali-earth metal, aluminium, or 
chromium; fluorine has been found if it was in combina- 
tion with an alkali-earth metal ; and oxalic acid has been 

♦ Sometimes, especially In mercurous iodide, bromide, and chloride, the 
halogens are more conveniently found by boiling the substance with potas- 
sium or sodium hydroxide solution, filtering, and testing the filtrate by 78 . 
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found if it was present as barium, strontium, or calcium 
oxalate (84 to 00), it is now simply necessary to test for 
these if another metal has been detected. For this purpose, 
precipitate the metal by boiling the acid solution with an 
excess of sodium carbonate, and filter. If this operation 
should not serve the purpose, precipitate the metal with 
hydrogen sulphide if it belongs to Groups V or YI, or 
with ammonium sulphide if it belongs to Group lY, and 
filter. If the precipitation was made with ammonium 
eulphide, add hydrochloric acid to the filtrate until it is 
acid, and in either case drive off the hydrogen sulphide 
by boiling, and filter if necessary. Then after acidifying 
with hydrochloric acid and expelling the carbonic acid if 
sodium carbonate is present, test a portion of the solution, 
according to 70 to 73, for phosphoric and oxalic acids. 
Test for fluorine by making a precipitation with calcium 
chloride and ammonia, and testing the filtered and washed 
precipitate by § 176, 6. If the metal was aluminium, 
chromium, or magnesium, test for oxalic acid with mangan- 
ese dioxide and sulphuric acid (§ 175, 7), and for 
fluorine with sulphuric acid (§ 176, 6). 

Simple CompouTids^ 

3. Substances insoluble ob difeioultly soluble in Watbb^ 
BUT soluble in Aoids. 

IL Detection of One Orgcmic Add. 

§ 223. 

1. Fobmio aged cannot be present, since all its salts are 98 
49 oluble in water. 

2. AcDSTro ACID is readily detected in the preliminary 
examination by the evolution of acetone. Confirm with 
concentrated sulphuric acid and alcohol (§ 206, 7). 

3. Benzoic actd and saiioylio acid are usually recog- 
nized by the fact that they separate upon dissolving the 
substance in hydrochloric acid, or after the hydrochloric 
acid solution cools. Confirm by dissolving the precipi- 
tate (after filtering and washing it with small amounts of 
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water) in water and a little ammonia, and testing the neu- 
tral solution with ferric chloride (§ 203, 3, and § 204, 3), 

4, Boil a sample with an excess of sodium carbonate 9T 
solution for a long time, and filter hot In most cases, 
the organic acids are now in the filtrate as sodium salts. 
Acidif j this filtrate slightly with hydrochloric acid, expel 
the carbonic acid by warming, and test the liquid as 
described above in § 220. In the presence of metals of 
Group IV and of lead, this decomposition is not complete. 

In such exceptional cases, after boiling with sodium car- 
bonate, add ammonium sulphide to the filtrate until the 
metal is precipitated, and proceed as given in 78. 

j^mple Compounds, 

0. SUBSTikNOES INSOLUBLE OE DJJTIOULTLY SOLUBLE IN WaTEB^ 

Hydboohlobic Acan, Nitbic Acid, and Aqua Heoia. 

Detection, of the Metal and the Add. 

§224. 

Under this head, babium sulphate, steontium suit 9ft 
PHATE, calcium SULPHATE, CALCIUM ELUOEIDE, SILIGIO ACID, 
strongly ignited or native alumina, lead sulphate, com- 
pounds of T.vA-n with chlobine and beominb, of silvee with 
CHLOBINE, bbomine, IODINE, and CYANOGEN, ignited or native 
stannic oxide, ignited ohbomio oxide, and finally sulphub 
and QABBON, are considered as the bodies belonging here 
which are frequently encountered. In regard to simple 
silicates refer to § 241, and in respect to ferro- or ferricya- 
nides, to § 240. TThether these are to be taken into 
consideration is shown by the preliminary tests. 

Calcium sulphate and lead chloride are not insoluble 
in water, while lead sulphate can be dissolved in hydro- 
chloric acid. These compounds, however, are treated 
here again, since they are so difficultly soluble that a 
complete solution of them is seldom obtained, so that 
they may be found here in case they have been over- 
looked in the examination of the aqueous or acid solution. 

1. Free sulphub must have been already detected ia 
the preliminary examination (9, oa, or 11). 



SIMPLE COMPOUNDS. 


2. Gaebon is generally black, insoluble in aqua regia, 
combustible * upon a platinum foil heated from below by 
the blowpipe, and it yields potassium carbonate when 
deflagrated with potassium nitrate. 

8. OHBomo OXIDE is green or blackish-green, and must 
have indicated its presence already in the test with the 
sodium metaphosphate bead (18). 

4. Coyer a small portion of the substance with ammo- 9d 
nium sulphide. 

a. It becomes biage : this indicates the presence 
of a lead or silver salt. 

a. It fused in the tube without decomposition 
(8) : lead chloride or bromide, silver chloride, 
bromide, or iodide. Fuse 1 part of the com- 
pound with 4 parts of sodium-potassium carbo- 
nate in a small porcelain crucible, allow the mass 
to cool, boil it with water, and test the flltrate for 
chloeine, beomine, and iodine by 73 ; dissolve the 
residue, which is either metatjjc silvee or lead 
oxide in nitric acid, and test the solution according 
to 46. ' 

It evolved cyanogen and Uft metcdlic silver 
when ignited in the glass tube : silvee oyancde, 

y. It remained unchanged when ignited in the 
glass tube: lead sulpbate. Boil a sample with 
sodium carbonate solution, filter, acidify the filtrate 
with hydrochloric acid, and test it with barium 
chloride for sulphueio acid. Dissolve the washed 
residue in nitric acid, and test the solution with 
hydrogen sulphide and with sulphuric acid for 
TjgAD (§ 137, 4 and 8). 

h. It bemains white : absence of a lead or silver lOO 
sali 

a. Test a portion for stannic oxide by means of 
a borax bead colored faintly bluish with copper 
oxide, in the reducing flame (§ 152, 15). If a red- 
dish-brown to ruby-red coloration appears, confirm 
the presence of stannic oxide by the reduction of 

* Qiaphite is completely consumed only by strong ignition in a stream of 
oxygen. 
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a portion with sodium carbonate and potassium 
cyanide or with sodium formate (§ 152, 14). 

p. Mix a small portion intimately with Jindy 
gwund quartz-powder, moisten the mixture in a 
crucible with a few drops of concentrated sulphuric 
acid, and warm gently upon an iron plate or a small 
sand-bath. (Direct heating over the lamp easily 
leads to incorrect conclusions.) 

aa. White vapors are evolved whkk redden lit- 
mu8^ and caitse a drop of aqueous ammonia hdd 
above it to become turbid : calcium floride is indi- 
cated. Decompose a finely pulverized portion 
with sulphuric acid in a platinum crucible, and 
confirm the presence of fluorine by etching glass 
(§ 176, 5). Boil the residue with hydrochloric 
acid, filter and detect the calcium, after neutral- 
izing with ammonia, by means of ammonium 
oxalate. 

hb. No vapors are evolved which redden litmus 
or make a drop of aqueous ammonia turbid. Mix 
a small portion of the finely pulverized sub- 
stance with 4 parts of pure sodium-potassium 
carbonate, and fuse in a platinum crucible 
(or upon platinum foil). Boil the mass with 
water, filter, if a residue remains, and wash it. 
Then test a portion of the filtrate, after acidify- 
ing it with hydrochloric acid, with barium chlo- 
ride, for sULPHumo acid, and in case this is not 
found, another portion for snioio aoed by evapo- 
rating the liquid acidified vnth hydrochloric acid 
(§ 180, 2). If this also is absent, test the hydro- 
chloric acid solution of the residue left upon 
evaporation, with ammonia for aluminidm. 

If TUBE SILICIC ACID was present, the mass 
obtained by fusion with sodium-potassium car- 
bonate must have dissolved clear in water ; but 
if there were silicates present, the bases of these 
remained undissolved, and may be examined fur- 
ther (see § 241). When ALUMmA is present, 
complete solution of the fused mass in water can 
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be expected only when a large amount of alkali 
carbonate has been used, and a high temperature 
has been employed. 

If sulphuric acid was found, the metal which 
was combined with it remains upon the filter as 
carbonate. Dissolve it, after complete wash- 
ing, in dilute hydrochloric acid, evaporate to 
dryness, treat the residue with water, and test 
for BARIUM, STRONTIUM, and CALCIUM by 68. 

Complex Compounds* 

A. Substances soluble and insoluble in Water, but soluble 
IN Hidroohloric Acid, Nitric Acid, or Aqua Eecua. 

Detection of the Metal8.\ 

§ 225 .$ 

Treatment with EydrocTdoric Add : Detection of Stiver^ 
Mercury in Mercurous Compounds {Lead). 

The systematic method for detecting the metals is 101 
essentially the same, whether the substance is soluble in 
water or whether it is soluble only in acids. Where a 
special procedure is necessary in consequence of the 
varying nature of the original solution, this will be 
distinctly specified. 

I. The Solution is simply in Water. 

Mty the portion intended por the detection op the 102 

METALS WTH SOME HYDEOGHLORIO ACID. 

1. The solution had an acid or neutral reaction pbe- 

TIOUSLY TO THE ADDITION OP THE HYDROOHLORIO ACID. 

a. No PRECIPITATE IS PORMED: this indicates the 
absence of silver and (mercurous) mercury. Pass on 
to § 226. 

* This expression is used here and subsequently for compounds in which 
all the commonly occurring basic and add radicals may be present. 

f Compare the notes in Section III, with which the operator should become 
familiar febbt of at.t.. In this course, consideration is taken of the acids of 
arsenic, as well as of those salts of the metals of Groups 11 and m, which 
dissolve in hydrochloric add, and are predpitated unchanged by neutralizing 
the add with ammonia. 

% Compare the notes in Section III. 
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h. A FKECIPITATE IS FOBMED. Add more hydro- 
chloric acid, drop by drop, until the precipitate ceases 
to increase ; then add about 6 or 8 drops more of the 
acid, stir the mixture, and filter. 

The precipitate produced at first by hydrochloric 
acid may consist of silver chloride, mercurous chlo- 
ride, lead chloride, a basic salt of antimony, bismuth 
oxychloride, metastannic chloride, possibly also, if 
the prel i min a ry examination sho'vred the presence of 
organic substances, benzoic acid and salicylic acid. 

The basic salt of antimony and the bismuth oxy> 
chloride, however, redissolve in the excess of hydro- 
chloric acid ; consequently, if the instructions given 
have been strictly followed, the precipitate collected 
upon the filter can consist only of silver chloride, 
mercurous chloride, and lead chloride (possibly also 
of the very rare metastannic chloride and benzoic and 
salicylic acids, which, however, are disregarded here). 

Wash the precipitate collected upon the filter 103 
twice with cold water, add the washings to the filtrate, 
and examine the solution as directed in § 226, even 
though the addition of the washings to the acid fil- 
trate should produce turbidity in the fluid (which 
indicates the presence of antimony or bismuth, or 
possibly also of lead chloride or metastannic chloride). 

Treat the twice- washed precipitate on the filter as 
follows : 

a. Pour hot water over it upon the filter, and 
test the fluid running off with hydrogen sulphide 
and with sulphuric acid for lead. (The non- 
formation of a precipitate simply proves that the 
precipitate produced by hydrochloric acid contains 
no lead, and does not by any means establish the 
total absence of this metal, as hydrochloric acid 
fails to precipitate lead from dilute solutions.) If 
the hydrochloric acid precipitate contains lead 
chloride, wash it several times with hot water to- 
dissolve out the lead salt. 

If there is a residue remaining on the filter^ 
pour ammonia upon it. If this changes its color 
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to black or gray, it is a proof of the presence of a 

MEBOUBOtJS SALT. 

y. Add to the ammoniacal fluid running off in 
/?, nitric acid to strongly acid reaction. The forma- 
tion of a white, curdy precipitate, or, with minute 
quantities, an opalescence of the liquid, indicates 
the presence of silver.* 

2. The original aqueous solution had an alkaline 104 
BEAOnON. 

а. The addition op hydroohlorio acod to strongly 

ACID REACTION FALLS TO PRODUCE EVOLUTION OF GAS OR A 
PRECIPITATE, OR THE PRECIPITATE WHICH FORMS AT FIRST 
REDISSOLVES UPON FURTHER ADDITION OF HYDROCHLORIC 
ACID. Pass on to § 226. 

б. The addition of hydrochloric acid produces a 

PRECIPITATE WHICH DOES NOT REDISSOLVE IN AN EXCESS OF 
THE PRECIPITANT, EVEN UPON BOILING. 

a. The formation of the precipitate is attended 106 
neither toith evolution of hydrogen sulphide nor of 
hydrocyanic add. Filter, and treat the filtrate 
together with the wash-water as directed in § 226. 
aa. The precipitate is white. It may, in 
that case, consist of a salt of lead or silver, insol- 
uble or diflicultly soluble in water and hydro- 
chloric acid (lead chloride, lead sulphate, silver 
CHLORIDE, etc.), or it may be snicic acid (also, 
if the preliminary tests showed an organic sub- 
stance, benzoic or salicylic acid, which, however, 
will not be tested for here). Test it for the bases 
and acids of these compounds as directed in § 239, 
bearing in mind that the lead chloride or silver 
chloride which may be found may possibly have 
been formed in the process. 


* If benzole and salicylic acids may be present, according to the preliminaiy 
examination, dilute the liquid containing the suspended precipitate with water, 
and heat to boiling, in order to avoid confusing silver chloride (which will then 
remain undissolved) with the acids under consideration. In case there was stiU 
lead chloride in the precipitate, the ammoniacal solution usually appears turbid, 
from the separation of a basic lead salt. This has no effect upon the test for 
silver, since the basic lead salt dissolves upon the addition of nitric add. 
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bh. The precipitate is yellow or orange. In 
that case, it may consist of arsenious sulphide, 
and if the liquid from which it has separated was 
not boiled long, or only with very dilute hydro- 
chloric acid, also of anttmony sulphide or stannic 
sulphide, which substances were originally dis- 
solved in ammonia, caustic potash or soda, sodium 
phosphate, or some other alkaline fluid, with the 
exception of alkali sulphides and cyanides. 
Examine the precipitate, which may also contain 
silicic acid, as directed in 40. 

The formiation of the precipitcde is attended with 
evolution of hydrogen sulphide, but not of hydrocyanic 
acid* 

aa. The precipitate is op a pure white color 100 
(dissolving completely upon thoroughly shaking 
a portion with benzol or petroleum-ether), and 
consists of separated sulphur. In that case, a 
polysulphide of an alkali metal is generally 
present. The presence of such a body may be 
detected also by the yellow or brownish-yellow 
color of the alkaline solution, and the odor of 
hydrogen persulphide which accompanies that 
of hydrogen sulpliide on the addition of an acid. 

Boil, filter, and treat the filtrate as directed in 
§ 230, and the precipitate as directed in § 239. 

hb. The precipitate is colored (or was not com- 
pletely soluble in benzol or petroleum-ether). In 
that case, it may be concluded that a sulphur salt 
is present, {.e., a compound consisting of an alkali- 
metal sulphide with the sulphide of a more elec- 
tro-negative metal or element. The precipitate 
may accordingly consist of gold sulphide, 
platinum sulphide, stannic sulphide, or a sul- 
phide of arsenic or antimony. It might, however, 
consist also of mercuric sulphide or of ouprio 
stxPHiDE or nickel sulphide, or contain these 

* Should the odor of the evolved gas leave any doubt regarding the actual 
presence or absence of hydrocyanic acid, add feome potassium chromate to a 
portion of the liquid, previously to the addition of the hydrochloric add. 
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' substances, as the first dissolTes readily in 
potassium sulphide and in small quantities in 
ammonium sulphide, and the last two are slightly 
soluble in ammonium sulphide. Filter and treat 
the filtrate according to § 230, and the precipi- 
tate as directed in 40. 
y. The formation of the precipitate is attended 107 
toith evolvtion of hydrocyanic add, with or witTmd 
simvUomeous disengagemeni of hydrogen, svJphide: 
this indicates the presence of an aleau-metal 
OYANDDE, and if the evolution of hydrocyanic acid is 
attended with that of hydrogen sulphide, also of an 
ATiKALi-METAL SULPHIDE. In this case, the precipitate 
may contain, besides the compounds enumerated 
in a and many other substances (e.gr., nickel 
cyanide, silver cyanide, etc.). Boil, with further 
addition of hydrochloric acid or even of nitric acid, 
until the whole of the hydrocyanic acid is expelled, 
and treat the solution, or (if any undissolved 
residue has been left) the filtrate, as directed in 
§ 226 ; and the residue (if any) according to § 239 
or § 240. 

c. The addition oe hydbochlobio acid pails to 108 

PBODUOE A PEBMANENT FBEdPITATE, BUT CAUSES EVOLU- 
TION OP GAS. 

a. The escaping gas smdls of hydrogen sidphide : 
this indicates a simple aleali-metal sulphide, or a 

EYDBOSULPHIDE of an ALKALI or ALKALI-EABTH METAL. 
Proceed as directed in § 230. 

f. The escaping gas has the scarcdy noticeaHe odor 
of carbonic add : in this case, it is cabbon dioxide 
which was combined with an alkali Pass on to 
§226. 

y. The escaping gas smeds of hydrocyanic add 
(not considering whether hydrogen sulphide or 
carbonic acid is evolved at the same time) : this 
indicates an aleaii-metal otanide Boil until the 
whole of the hydrocyanic acid is expelled, then pass 
on to § 226. 
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11. The Solution is in Htoeoohlobio Acid oe in Nitbo-hzdbo- 

cHLOBic Acn>. 

Proceed as directed in § 226. 

III. The Solution is in Nitbio Adu. 

Dilute a small portion OTth water, and should this pro- 109 
‘dtioe turbidity or a precipitate (indicative of bismuth), add 
nitric acid untU the fluid is clear again, then hydro- 
chlonc acid. 

1. Jfo PREOIPITATE IS EOEMEI) ; absence of silver and 
(mercurous) mercury. Treat the principal solution as 
directed in § 226. 

2. A PEECIPITATE IS FOBMED. Treat a larger portion of 
the nitric acid solution in the same way, filter, and exam- 
ine the precipitate as directed in 103, and the filtrate 
according to § 226. 


§ 226.* * * § 

Treatment with Hydrogen Sulphide : t Precipitoition of the Metals 
of Group V, 2d Divieion^ and of Group VL 
Add to a small portion op the oleab actd solution hi- 

DBOGEN sulphide WATER, UNTIL THE ODOR IS DISTINOTLY 
PERCEPTIBLE APTER SHAKING THE HTSTUBE, AND WARM GENTLY. 

1. No FREcipnATE IS FORMED, even after the lapse of some 110 
time. Pass on to § 230, for lead, bismuth, cadmium, cop* 
per, mercury, gold, platinum, antimony, tin, and arsenic X 
are not present. § The absence of (ferric) iron, of chromates, 


* Compare the remarks in Section III concerning this, 

t In relation to other courses of analysis in which hydrogen sulphide is 
avoided, being replaced by ammonium or sodium thiosulphate, by ammonium 
thiocarbonate or thioocetate, or also by oxalic acid , compare C. Hihlv, Ann. 
d. Chem. u. Phann., 43, 150; H. Yohl, ibid,, 96, 287; A. Oblowsei, Zeitschr. 
f, analyt. Chem., 22. 857: H. Hagxb. Pharmac. Centralhalle., 1886, p. 868; 
R. Scnipp and N. Tabxtgi Her. d. deutsch. chem. Gesellsch., 27, 8487; 0, 
Luceow, Zeitschr. f. analyt. Chem., 26, 9. 

JTo obtain conclusive evidence of the absence of arsenic add, allow the 
fluid to stand for some time at a gentle heat (about 70“). or heat It with sul- 
phuious acid before adding the hydrogen sulphide (compare § 166, 8). The 
preliminary examination generally shows the need of this. 

§ In solutions containing much free acid, the precipitates are frequently 
formed only after the addition of a relatively large amount of hydrogen sul- 
phide water. 
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and of hydroferrioyanic acid, is also indicated by this 
negative reaction. 

2. A PRECIPITATE IS POEMED. 

а. Th^ precipitate is of a pure white color, light, 111 
and finely pulverulent, and does not redissolve on 
addition of hydrochloric acid. It consists of sepa- 
rated sulphur, and indicates the presence of moR as 

a EEEEio SALT. * In order to be sure of the fact that 
the sulphur is not mixed with a small quantity of 
yellow sulphides, the color of which is hidden by the 
greater amount of sulphur, add to the cooled liquid 
about 2 cc of benzol or petroleum-ether, and shake 
repeatedly and thoroughly. If no separation of a 
colored substance appears in the layer of benzol or 
petroleum-ether, the white precipitate consisted sim- 
ply of sulphur, and none of the other metals enumer- 
ated in 110 can be present. Treat the principal 
solution as directed in § 230. But if the layer of 
benzol or petroleum-ether contained a colored pre- 
cipitate, proceed according to 112. 

If a separation of sulphur, the original color of 
the solution, and the change of color by the action 
of hydrogen sulphide have shown the presence of 
chromic acid, this is first reduced to a chromic salt 
by the addition of aqueous sulphurous acid, or, if a 
precipitate is produced by the latter, by heating with 
hydrochloric acid and a little alcohol (Compare 
§ 166, 5.) 

б. The precipitate is colored. 

To the principal portion of the acid or acidified 112 
solution (best in a sm^l flask) add hydrogen sulphide 
water in excess, ^^e., until the fluid smells distinctly 
of it after shaking, and the precipitate ceases to in- 


* Sulphur will also precipitate if sulphurous add. iodic add. bromic acid, 
or nitrous acid is present (which substances are not included in this analytical 
oourse), and also if chromic add. or chloric add, or free chlorine, or also, upon 
•continued heating, if hydroferrioyanic add is present. In presence of chro- 
mic acid the reddish-yellow color of the solution changes to green, and in the 
presence of hydroferricyanic acid the liquid usually assumes a blue color, so 
that the sulphur suspended in it has the appearance of a bluish predpitate. 
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crease upon further addition of the reagent ; apply 
a gentle heat, shake vigorously for some time, filter, 
keep the filtrate (which contains the metals present 
of droups I-IV) for further examination according 
to § 230, and tTiorowghly wash (aee § 7) the precipi- 
tate, which contains the sulphides of the metals 
present of Groups V and VI.* 

In many oases, and more particularly where there 
is any reason to suspect the presence of arsenic, it 
will be found more convenient to transmit hydrogen 
sulphide gas through the solution diluted with 
WATER, instead of adding hydrogen sulphide water. 
"When arsenic acid is suspected, keep the liquid at 
about 70° during the transmission of the gas. 

If the precipitate is yellow, t it consists princi- 11$ 
pally of arsenious sulphide, stannic sulphide, or cad- 
mium sulphide ; if orange-colored,t this indicates 
antimony sulphide ; if brown or black, one at least of 
the following metals must be present : lead, bismuth, 
copper, mercury as a mercuric salt, gold, plalinum, or 
tin as a stannous salt. However, as a yellow precip- 
itate may contain a small portion of an orange-col- 
ored, a brown, or even a black precipitate, without 
causing its color to be very perceptibly altered there- 
by, it will always prove the safest way to assume the 
presence of all the metals named in 110 in any colored 
precipitate produced by hydrogen sulphide, and to 
proceed, therefore, as the next paragraph directs. 

*The precipitate obtained by hydrogen sulphide from an acid solution 
may also contain zinc and iron, in exceptional cases, t.g., zinc if alkali-metal 
acetates were present, and iron if the solution conttdned stannic chloride with 
but little free acid (L. Stobcb). 

t Solutions containing several metals sometimes give with hydrogen sul- 
phide, precipitates whose color does not correspond to that which would be ex- 
pMted from that of the single sulphides, «.g., a solution of mercuric chloride 
mixed with stannic chloride may give, even with an excess of hydrogen sul- 
phide, a flneyellow or orange-red precipltate,a fact that should be considered. 
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§ 227.* 

TreatToent of the Precipitate produced by Hydrogen S'ldphide 
vMh Ammonium Sulphide : Separation of the kd Divu 
sion of Group V from Group VI, 

Introduce into a test-tube t a small portion op the 114 

THOROUGHLY WASHED PRECIPITATE PRODUCED BY HYDROGEN SUL- 
PHIDE IN THE ACIDIiTED SOLUTION, ADD A LITTLE WATER, AND 
PROM TEN TO TWENTY DROPS OF LIGHT YELLOW (BUT NOT 
DARK yellow) AMMONIUM SULPHIDE, OR (iF THE CASE REQUIRES 
n) SODIUM SULPHIDE, t AND EXPOSE THE MIXTURE FOB A SHORT 
TIME TO A GENTLE HEAT. 

1. The PRECIPITATE DISSOLVES COMPLETELY IN AMMONIUM 116 
(or sodium) SULPHIDE : absence of the metals of Group V 
(cadmium, lead, bismuth, copper, mercury.) Treat the 
remainder of the precipitate (of which a portion has been 
digested with ammonium sulphide) as directed in § 228. 

(If the precipitate produced by hydrogen sulphide was 
so trifling that the whole of it has been used in treating 
with ammonium sulphide, precipitate the solution ob- 

* Compare the remarks In Section UI. 

f If there is a somewhat large precipitate, this may be readily effected by 
means of a small spatula of platinum, glass, or horn; but if there is only a 
very trifling precipitate, spread out the Alter in a porcelain dish, and treat the 
whole of it with ammonium sulphide, or, if the case requires it, sodium 
sulphide. 

X If copper is present in the solution (a circumstance which is usually indi- 
cated by its color, but which is to be determined with certainty by a prelimi- 
nary test with a bright iron wire, see § 140, 12), then, instead of ammonium 
sulphide (in which copper sulphide is not quite insoluble, see g 140, 5), yellow- 
ish sodium sulphide solution is used, and the precipitate is heated with it just 
to boiling. If, however, a liquid contains a mercuric salt in addition to copper 
(and the presence of a mercuric salt is almost always revealed by the various 
changes in the color of the precipitate occurring upon the addition of 
hydrogen sulphide water (§ 189, 8), while in case of uncertainty it may be 
detected by a preliminaiy test of the original solution with stannous chloride 
after acidifying with hydrochloric acid), then ammonium sulphide must be 
used, although the separation of the sulphides of the sixth group from copper 
sulphide is not quite complete, because mercuric sulphide would dissolve in 
sodium sulphide and would impede the further examination of the snlphides 
of the sixth group. But even when these precautions are heeded, it is not 
always possible to prevent copper going into solution, because some copper 
sulphide dissolves in sulphur salts, those of the sulphides of arsenic and 
tin. even when these contain sodium sulphide as the sulphur base. 
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tained in that process by addition of hydrochloric acid, 
filter, Trash the precipitate, and treat it as directed in 
§228.) 

2. The precipitate is not dissolved, or at least not 116 
COMPLETELY, even on heating with more yellowish ammo- 
nium sulphide (or sodium sulphide) : presence of metals 
of Group V. Dilute with 4 or 5 parts of water, or, if the 
case requires it, Tvith a 10 per cent solution of ammo- 
nium nitrate,^ filter the liquid, and mix the filtrate with 
hydrochloric acid in slight excess. (If it was necessary to 
treat the whole amount of the hydrogen sulphide pre- 
cipitate with ammonium sulphide, then mix oply a part 
of the solution with hydrochloric acid.) 

a. Nothing but a pure white turbidity is occa- 
sioned, which gives no colored precipitate upon 
shaking the liquid with benzol or petroleum* ether 
(compare 111), In this case, the precipitate is pure 
SULPHUR : absence of the metals of Group VI (gold, 
platinum, tin, antimony, and arsenic). Treat the rest 
of the precipitate (of which a portion has been digest- 
ed with ammonium sulphide), or, where the case 
requires it, the whole precipitate treated with am- 
monium sulphide and washed, according to § 229. 

J. A colored precipitate is formed, or a colored pre- 117 
cipitate remains in the layer of benzol or petroleum- 
ether ; presence of metals of Group VI with those of 
Group V. Treat the entire precipitate produced by 
hydrogen sulphide as the portion has been treated, 
ie., digest it with yellow ammonium sulphide (or 
sodium sulphide), let it subside, pour the supernatant 
liquid (which must show a yellowish color) on a filter, 
digest the residue in the flask once more with yellow 
ammonium sulphide (or sodium sulphide), and filter.t 

*If the solutioD from which the precipitation with hydrogen sulphide was 
made contained a mercuric salt together with a stannic salt, the mercuric sul- 
phide goes into the ammonium sulphide solution more or less completely 
upon diluting with water, and this is prevented by the addition of ammonium 
nitrate (Th, Wilm. R. Cushman). A part of the tin remains with the sul- 
phides of Group V. and is found according to § 229. 

t If the residue remaining upon treatment with ammonium or sodium sul- 
phide does not subside readily, so that the liquid cannot be poured oft, trans- 
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Dilate with water the filtrate (or the remainder of 
the filtrate when it was necessary to treat the whole 
of the hydrogen sidphide precipitate with ammonium 
sulphide) containing the metals of Group YI as 
sulphur salts, add hydrochloric acid to distinct 
acid reaction, warm gently, filter the resulting pre- 
cipitate containing the sulphides of Group VI 
mixed with sulphur, wash the precipitate com- 
pletely, and proceed with it according to § 228. 
Wash the residue left by treatment with ammonium 
or sodium sulphide (containing the sulphides of 
Group V) with water in ordinary oases, but in pres- 
ence of mercury with a 10 per cent solution of 
ammonium nitrate (see the foot-note under 116), and 
proceed with it according to § 229. 

§ 228.* 

Detedim of the Metoils of Group YI: Ars&m, Antimonyf 
Tin, OcUd, Platinum, \ '' 

If the precipitate consistiiig of the siil|>hides of ^roup 118 
YI has a fuse tellow golob, this indicatei^ p^cipi^ly 
arsenic and (stannic) tin ; if it is distinctly 
antimony is sore to be present; if it is BBoAk or*SgQA&E, 
this denotes the presence of (stannous) tin, platintdn, or 
gold. j 

Beyond these general indications, the color of the pre- 
cipitate affords no safe guidance. It is therefore always 
adyisable to test a yellow precipitate, also, for antimony^ 
gold, and platinum, since minute quantities of the sul- ' 
phides of these metals are completely hidden by enlarge 
quantily of stannic sulphide or sulphide of arsenic., in 
many cases, however, it is possible to conclude, froA^i^a 
general consideration of the substance under examination, 
that gold and platinum are absent, and since the course 

fer the whole to a filter, and when the liquid has run off, spread out the paper, 
together with the residue, in a porcelain dish, and treat it there as above. If 
the suspended sulphides are so finely divided that the liquid cannot be filtered 
dear, add some ammonium nitrate, let it stand for a considerable time at a 
gentle heat, and then filter. 

* Consult the notes in Section m. 
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of investigation is more complicated in their presenoei 
the case where the presence of gold and platinum may 
be disregarded is distinguished below from that in which 
such an assumption is not justified. 

1. Thebe is beason fob diseegauding the pbesenge! of 

GOLD AND PLATIXUM. 

Heat a little of the precipitate upon the cover of a 118 
porcelain crucible or upon a piece of glass or porcelain.* 
a. No fixed besedije is left: probable presence 
of ABSEMO ; absence of the other metals of Gfroup VI. 
Confirm by warming a portion of the precipitate 
with a small amount of concentrated nitric acid, di- 
luting, and testing the filtered liquid with ammonium 
molybdate for arsenic acid (§ 166, 9), or by digesting 
a portion with ammonia, filtering, evaporating the 
filtrate with a fragment of sodium carbonate, and 
fusing the residue with potassium cyanide and 
sodium carbonate in a current of carbon dioxide 
(§ 155, 13}. Whether the arsenic was present as 
arsenious or arsenic acid is determined by the 
methods given in § 167, 12. 

& A FIXED BESDDTIE REMAINS. In this oase, con- 180 
sideration is to be taken of tin, antimony, and 
arsenio.t Dry the remainder of the precipitate 
completely on the filter, triturate it with about 
1 part of dry sodium carbonate and 1 part of 
sodium (not potassium) nitrate, and transfer the 
mixture in small portions at a time to a porcelain 
crucible, in which 2 ports of sodium nitrate have 
previously been brought just to fusion by moderate 
heating.:^ As soon as complete oxidation is effected, 

* It is self evident that this pieUminoxy test maj be omitted If the pre- 
cipitate lioA any other than a yellow color, and that a dedelYe result can be 
obtained only when the precipitate submitted to the test has been oompletdy 
washed. 

f This method (given in b) is eapedidly adapted for the detection of tin, 
antimony, and azBenlc^ when both tin and arsenic ate present In rather large 
quantity. If the precipitate contains only very small quantities of these 
metals, the method described In § 197, S, is to be piefened. 

X Hnneoeesarily strong heating of the fusion is to be avoided through- 
out the opentlon. If amount of the precipitate is eo minute that the 
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pour the mass upon a piece of porcelain or tEe 
cover of a porcelain crucible. After cooling, soak 
the fused mass * (the portion still adhering to 
the inside of the crucible as well as the portion 
poured out on the porcelain) in cold water, filter 
from the insoluble residue (which must remain if 
the mass contained antimony or tin) through a 
moistened filter, and wash thoroughly with a mixture 
of about equal parts of water and alcohol. (The 
alcohol is added to prevent the solution of the acid 
sodium pyroantimonate. The washings are not added 
to the filtrate.) The filtrate and the residue are now 
examined as follows : 

a. Examination of the filtrate for arsenic 121 
(which must be present in the form of sodium 
arsenate). Add nitric acid to the fluid to distinct 
acid reaction, t heat to expel carbonic and nitrous 
acids, add a small portion of the solution to 2 or 
3 cc of the solution of ammonium molybdate 
in nitric acid (§ 56), and heat to brisk boiling. If 
there is then produced no yellow, or at least no 
yellowish, precipitate (a pure white one would have 
no significance), arsenic is not present, but if such 
a precipitate is formed the presence of arsenic is 
shown (§ 166, 9). 

operation described cannot be convenieutly performed, cut the filter, with 
the dried precipitate adhering to it, into small pieces, triturate these with 
some sodium carbonate and nitrate, and project both the powder and the 
paper into the fusing sodium nitrate. It is preferable, however, in such cases, 
to procure, if practicable, a larger amount of the precipitate, as otherwise 
there will be little hope of effecting the positive detection of all the metals 
present. 

* Supposing all the metallic sulphides of the sixth group to have been 
present, the fused mass would consist of sodium antimonate and arsenate, 
stannic oxide, sodium sulphate, carbonate^ nitrate, and some nitrite. With 
too strong heating, sodium stannate is also formed (compare § 157, 1). (If 
the precipitate contained gold and tin at the same time, the fusion often 
appears light red.) 

f Upon acidifying the solution with nitric add, if too high a heat has 
been used in making the fusion, a small predpitate (of stannic hydroxide) 
may separate. This should be filteied off, and tested like the undissolved 
residue. In connection with this, it is to consideied that this precipitate 
may contain arsenic. Small amounts of arsenic may consequently be over- 
looked when fusions containing tin are too strongly heated. 
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For further confirmation, divide the main part 
of the remaining liquid into two portions. Add 
to the one part not too little silver nitrate, filter in 
case silver chloride * should have separated, pour 
upon the filtrate, down along the side of the tube 
held slanting, a layer of dilute ammonia (1 part of 
ordinary ammonia to 2 parts of water, or better 
still 2 parts of alcohol), and allow this to stand 
some time without shaking. The formation of a 
reddish-brown precipitate, which appears as a 
cloud between the two layers (seen most readily 
by reflected light), denotes the presence of absenio* 

If the arsenic is present in some quantity, and the 
free nitric acid of the solution is exactly neutral- 
ized with ammonia, the fluid being stirred during 
this process, the precipitate of silver arsenate 
which forms imparts a brownish-red color to the 
entire liquid. 

Add to the other portion of the acidified solu 123 
tion, first ammonia, then a mixture of magnesium 
sulphate and ammonium chloride, and rub the in- 
terior walls of the vessel gently with a glass rod. 

A crystalline precipitate of ammonium magnesium 
arsenate, which often forms only after long stand- 
ing, and is deposited more particularly on the 
sides of the vessel, shows the presence of arsenic. 

By way of further confirmation, the precipitate 
may be washed with water containing ammonia, 
dissolved in dilute hydrochloric acid, and the 
solution precipitated by hydrogen sulphide, with 
the aid of a gentle heat ; or the arsenic may be 
reduced to the metallic state (compare § 155 and 
§ 166.) Whether the arsenic was present in the 
arsenions or arsenic form may be ascertained by 
the methods described in § 157, 12. 

>?. Examination OF THE EESinTJE FOB AimMONYAisD 128 
TIN. As the antimony, if present in the residue, 
must exist as white, pulverulent, acid sodium pyro- 

* Silver chloride will separate if the reageets were not entirely pure, or if 
the prcdpitato of sulphides was not comp’etely washed. 



METALS. GROUP VI. 


485 


antimonate, and the tin as white, floccnlent stannic 
oxide, the appearance of the residue is in itself 
sometimes indicative of its nature. But it must be 
noted that on account of the slight solubilitj of 
copper sulphide in ammonium sulphide, sodium 
thioarsenate or sodium thiostannate, a little cupric 
oxide may also be present in this residue. Trans- 
fer the precipitate to the lid of a platinum crucible, 
or to a small platinum dish, heat it with hydro- 
chloric acid, add a little water, and, whether the 
precipitate has completely dissolved or not, put 
in a small, compact lump of pure zinc (as free as 
possible from lead). The tin and antimony are 
now changed to the metallic state by the action 
of the zinc. The antimony reveals its presence at 
once, or after a short time, by blackening the plat- 
inum. As soon as the disengagement of hydrogen 
has nearly stopped, take out the remainder of the 
zinc,* remove the solution of zinc chloride by careful 
decantation and washing with water; warm the 
metals for a short time with hydrochloric acid, and 
test a part of the solution (which, if ten is present, 
must contain stannous chloride) by means of mer- 
curic chloride * (§ 152, 9). The separated antimony 
(and also any copper present) remains almost com- 
pletely undissolved in the operation of warming 
with hydrochloric acid, and, after dissolving it with 
hot nitric acid containing a little tartaric acid, it 
may be tested further with hydrogen sulphide. If 
the solution contains copper, precipitate this as 
cuprous sulphocyanide (§ 140, 10) before testing 
with hydrogen sulphide.f 

The state of oxidation in which any tin or anti- 


* Small quantities of tin maj have been deposited firmly upon the zina 
This tin may be found by dissolving the zinc in hydrochloric acid, and testing 
the filtered solution with mercuric chloride (§ 153. 9). 

t If there is still doubt about the presence of antimony, for small amounts 
of it separated upon platinum dissolve upon warming with hydrochloric acid 
(§ 164, 9), test the remainder of the hydrochloric acid solution with tin upon 
a platinum surface, according to § 167, 1. 
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mony found was originally present 'is determined 
according to § 157, 10 or 11. 

2. The presence op gold and platinum cannot be dis- 124 

BEGARDED. 

In this case, use is made of the fact that the sulphides 
of tin, antimony, and arsenic, are volatilized as chlorine 
compounds when they are heated with an intimate, dry 
mixture of 3 to 5 parts of ammonium chloride and 1 
part of ammonium nitrate, while the sulphides of gold 
and platinum, under this treatment, are decomposed, and 
the metals are left behind. 

The operation is conveniently carried out in the appa- 
ratus shown in Fig. 45. 



The tube dh should be 30 to 40 cm long and about 16 
mm in diameter. The porcelain boat c, intended to re- 
ceive the mixture, is similar to the one shown in Fig. 
41 (j). 290), but should be generally somewhat longer 
(7 cm long). The flask d, of about 150 to 180 co capacity, 
is half filled with water containing a little hydrochloric 
acid. The bottle e, serving as an aspirator, should hold 
about 2 liters. 

After the apparatus is set up, mix the dry precipitate 
of, or containing, the sulphides of the sixth group with 
about 6 parts of the intimate mixture of ammonium chlo- 
ride and nitrate, by careful trituration together, place the 
mixture in the boat, introduce this into the tube ah at the 
place indicated in the figure, put in at a the stopper provided 
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with a short, open glass tube, open the cock / (glass 
stop-cock or screw pinch-cock), and thus produce a mod- 
erate current of air from a towards h. Then heat the 
contents of the boat, gentlj at first, then more strongly, 

4 ind finally intensely. There is soon formed near c (be- 
tween c and h) a white, gradually increasing sublimate. 

As soon as all volatile matter has been expelled from 
the boat, allow it to cool, and draw it out of the 
tube by means of a wire provided with a hook. If nothing 
is left behind in the boat, then gold and platinum are not 
present. If a residue with a metallic aspect is found in it, 
the first part of the operation is finished i but if the resi- 
due presents an appearance which leads to the conclu- 
sion that all the antimony, tin, and arsenic are not yet 
volatilized, some more of the mixture of ammonium chlo- 
ride and nitrate is put upon it, it is again put into the 
tube, and heated as before. The residue and the subli- 
mate are now tested in the following manner : 

a. Eesidue. Dissolve it in aqua regia, evaporate 
the solution to a small volume, and test it by §151 
for GOLD and piatbium. 

h. Sublimate. Binse the tube ah with the aid of 
the acid water placed in front in the flask d (which 
sometimes appears whitish from a turbidity), pre- 
cipitate with hydrogen sulphide, disregarding any 
turbidity in the solution ; filter, wash the precipitate, 
dry it, and then treat it according to 119 to 124, to 
test it for tin, AunMoiiy, and AESEana* 

§229.1 

I>etedi(m of the Metals of Group V, 2d Dvomon : I^td, Bi»~ 
math. Copper, Cadmium, Mercury {in Mercuric Sails). 

Thobouqhlt wash the pkecipitate which has not 186 

a-BrnKT dissolved BT AMMONIUM SULPHIDE (OB SODIUM SUL- 
PHIDE), AND BOIL WITH DILUTE NTTBlo ACID. This Opera- 
tion is performed best in a small porcelain dish in such a 
manner that the precipitate is heated with a little water, 

*In regard to anotUer method for separating gold and platinum from tin, 
■antimony, imd arsenic, compare § IW, 18 . 

i Compare the notes in Section IQ. 
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and nitric acid is gradually added, with continued heat- 
ing and constant stirring. A great excess of acid is to be 
avoided. 

1. The precipitate dissolves, and there remains 12G 

FLOATING IN THE LIQUID ONLY THE SEPARATED, LIGHT, 
FL0(X3ULENT AND YELLOW SULPHUR: this indicates the ab- 
sence of mercury. Cadmium, copper, lead, and bismuth 
may be present. Filter from the separated sulphur, 
and treat the filtrate as follows, after freeing it from 
the greater part of the nitric acid by evaporation : To a 
portion of the filtrate add dilute sulphuric acid in not too 
small quantity, heat, and allow to stand some time. 

a. No PRECIPITATE FORMS : absence of lead. Mix 127 
the remainder of the filtrate with ammonia in excess. 

a. No precipitate is formed: absence of bis- 12S 
muth. If the liquid is blue, copper is present ; 
but very minute traces of copper might be 
overlooked if the color of the ammoniacal fluid 
alone were considered. To be quite safe, and also 
to test for cadmium, evaporate the ammoniacal so- 
lution nearly to dryness, add a little water and 
enough hydrochloric acid so that the liquid orUy 
jvst reacts acid, and 

oa. Test a small portion for copper with 129 
potassium ferrocyanide. A reddish-brown pre- 
cipitate or a light brownish-red turbidiiy indi- 
cates COPPER (in the latter case only to a very 
trifling amount). 

hb. To the remainder, if copper is absent, 130 
after the addition of a little more hydrochlo- 
ric acid, add hydrogen sulphide. A yellow pre- 
cipitate indicates cadmium. If copper is present^ 
on the other hand, it is most conveniently precipi- 
tated in the form of cuprous sulphocyanide, after 
the addition of some sulphurous acid, by means of 
potassium sulphocyanide; this is allowed to settle 
in a warm place, and the clear filtrate, after being 
evaporated to drive off the excess of sulphurous 
acid, and mixed with a little hydrochloric acid, 
is tested for cadmium with hydrogen sulphide. 
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Or both metals may be precipitated, after the 
addition of hydrochloric acid, with hydrogen sul- 
phide, and the sulphides separated with potas- 
sium cyanide (in which case they must be freshly 
precipitated), or the sulphides may be separated 
by boiling dilute sulphuric acid (§ 143) * 

/?. A precipitate is formed : bismuth t is present. 131 
Filter, and test the filtrate for copper and cad- 
mium (and for any zinc present here) as directed 
in 128. To test the washed precipitate more fully 
for bismuth, slightly dry between blotting-paper 
the filter containing it, remove the still moist 
precipitate with a platinum or glass spatula, dis- 
solve on a watch-glass in the lecLst possible guarUity 
of hydrochloric acid, and then add water in not 
too small amount. The appearance of a milky 
turbidity confirms the presence of bismuth. 

6. A PRECIPITATE IS PORMED BY SULPHURIC ACID: 188 
presence of lead. Mix the whole of the nitric acid 
solution in a porcelain dish with dilute sulphuric 
acid in not too small amount, evaporate on the water- 
bath until the nitric acid is expelled, dilute the residue 
with some water containing sulphuric acid, filter off 
at once the lead sulphate left undissolved, and test 
the filtrate for bismuth, copper, and cadmium (and 
eventually for zinc and iron present here), according 
to 187, and always test the precipitate, after washing 
it, by one of the methods described in § 143. 

2. The precipitate op the sulphides does not com- 133 
TUESTELl dissolve IN THE BOHING NITRIO ACID, BUT LEAVES A 

*If the piecipitate obtained from add solution with hydrogen sulphide 
•contains zinc sulphide (compare the foot-note under 112), the zinc is found in 
the liquid containing hydrochloilc acid, from which the cadmium sulphide 
(and copper sulphide al^, if present) is filtered, and from this solution it may 
be precipitated as white zinc sulphide by the addition of ammonia and, if necea' 
-SBiy, ammonium sulphide. 

f If the precipitate from add solution by hydrogen sulphide should con- 
tain iron sulphide (compare the foot-note under 112), the iron is present in the 
precipitate produced by ammonia {fl), and may usually be recognized simply 
by the reddish-brown color. Confirm by testing a portion of the hydrochloric 
add solution of this precipitate with potassium sulphocyanide. 

i Concerning another course for detecting cadmium, copper, lead, and bis* 
iliinth, see the third section of Part II, additions and notes to § 229. 
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eesidtje, besides the stjlphub that floats is the fluid ; 
probable presence of meecueig sulphide (which may be 
pronounced almost certain if the precipitate is heavy 
and black) * * * § Allow the precipitate to subside, filter off 
the fluid, which is still to be tested for lead, bismuth^ 
CADMIUM, and coppeb, and also for any zinc and iron present 
here ; mix a small portion of the filtrate with a large 
amount of hydrogen sulphide water, and also, if no pre-- 
cipitate is produced thereby, with a little ammonium 
sulphide after the addition of ammonia, and should a 
precipitate form or a coloration become visible, treat the 
remainder of the filtrate according to 126. 

Besides mercuric sulphide, the residue may also con- 
tain cadmium sulphide held back by mercuric sulphide, 
lead sulphate formed by the action of nitric acid upon 
lead sulphide, and, further, stannic oxide, and possibly 
gold and platinum sulphides. (The separation of the 
sulphides of tin, gold, and platinum from the suh 
phides of the metals of the fifth group is often incom- 
plete). "Wash this residue and examine a portion of it for 
MEBCUBY t by dissolving it in some hydrochloric acid, with 
the addition of a very small portion of potassium chlorate, 
and testing the solution with metallic copper or stannous 
chloride (§ 139), Warm the remainder of the residue 
with a concentrated solution of ammonium acetate, and 
exhaust it with this if a portion of the filtrate tested with 
hydrogen sulphide shows the presence of lead. Heat 
the residue which generally remains, after washing it, 
in a porcelain crucible with access of air, under a hood 
with a good draught, whereupon any mercuric sulphide 
present is volatilized. If a residue is left, heat it just to 
fusion with a mixture of equal parts of sodium carbon- 
ate and potassium cyanide, using a small flame, and 

*If thti sulphides (135) have been boiled with concentrated instead of 

dilute nitric acid, there is then formed, under certain conditions, instead of 

black mercuric sulphide, the white compound 2 HgS.Hg(!N'Oi)t. (Compare- 

§ 189 . 8 .) 

t If an aqueous solution, or a solution In very dilute hydrochloric acid, has 
been used, the mercury found was present in the original substance in the mer- 
curic form ; but if the solution has been prepared by boiling with concentrated 
hydrochloric acid, or by heating with nitric add or aqua regia, the mercury 
may have been originally present in the mercurous form. 
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treat the cool mass with water. If a metallic powder 
remains undissolved, wash this and warm it with concen- 
trated hydrochloric acid, dilute, and test a part of the 
filtered liquid with mercuric chloride for tin. Mix the 
remainder with potassium or sodium hydroxide solution 
in modei’ate excess, filter off any white precipitate re« 
maining undissolved, after washing the latter, dissolve it 
in hydrochloric acid, and test the solution with hydrogen 
sulphide for cadmium. If a residue remained upon 
treating the metallic powder with hydrochloric acid, 
warm it with aqua regia, and test the solution by § 151 
for gold and platinum. Mix the aqueous solution of the 
fused mass, containing potassium cyanide, with hydrogen 
sulphide, because cadmium may be present in this also. 

§ 230.* 

Precipitation with Ammonia and Ammonium S^dphide : 
Sepo/ration and Detection of the Metals of Groups III 
and IV: Aluminium, Chromium, Zinc, Manganese, Nickd, 
CobaU, Iron; and also of those Salts of the Alhali-Eartk 
Metals which are precipitated hy Ammonia from their 
Solutions in Hydrochloric Add; Phosphales, Borates^ 
Oxalates, Silicates, and Fluorides. 

Since the precipitation by ammonia and ammonium 
sulphide serves the desired purpose with all the metals 
and salts just mentioned only when organic substances 
(especially those which are not volatile) are absent (for 
many, e.g., citric acid, prevent the precipitation of 
aluminium and chromic hydroxides, of calcium phos- 
phates, etc.), before passing on to the precipitation with 
ammonia and ammonium sulphide it is advisable in 
the first place to destroy organic substances if they are 
present, that is, if they were found in the preliminary 
examination (10). The two following cases are therefore 
to be distinguished : 

A. OeGANIO SuBSTANCIB are not PRESENT. 

Put a smdR portion ow the liquid in whioh hidrogen 134 

SULPHIDE HAS FAILED TO PRODUCE A PRECIPITATE OR HAS PBO- 


* Compare the notes in Section HL 
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DUCED ONLY A SEPARATION OP SULPHUR (HO), OB OP THE 
UQUtD WHICH HAS BEEN FILTEBED PEOH THE PBEdPITATE 
POBHED (112), in a test-tube, observe whether it is colored 
or not,* boil to expel the hydrogen sulphide which may 
be present, add a few drops of dilute nitric acid, boil 
and observe the color of the liquid again. A change of 
color to yellow upon boiling with dilute nitric acid gen- 
erally indicates iron, but it may also be due to the libera- 
tion of iodine. (In the latter case, the liquid has the 
odor of iodine, and must be freed from iodine or iodine 
chloride by evaporation on the water-bath, and then 
be diluted again before the addition of ammonia, for 
otherwise nitrogen iodide might form, which would sep- 
arate as a brownish-black precipitate.) Now add ammo- 
nia carefully, just to alkaline reaction, heat, observe 
whether this alone produces a precipitate, and finally 
add some ammonium sulphide, whether ammonia has 
produced a precipitate or not. 

a. Neither ammonia nob ammonium sulphide pbo- 135 
DUCES a PRECIPITATE. Pass on*to § 231, for iron, 
nickel, cobalt, zinc, manganese, chromium, alumin- 
ium, are not present, nor are phosphates, borates,+ 
silicates, oxalates,:): and fluorides of the alkali-earth 
metals; nor silicic acid, originally in combination 
with other metals. 

b. Ammonium sulphide produces a precipitate, am- 136 
MONIA HAVENO FAILED TO DO SO: absence of phosphates, 
borates, t silicates, oxalates, j: and fluorides of the 

If the fluid is oolorlefis, it contains no chromium or only traces of it. If 
colored, the dnt will, to some extent, act as a guide to the nature of the sub- 
stance present Thus a green or a violet tint, the latter turning green upon 
boiling, points to chromium; a light green tint, to nickel; a reddish color, to 
cobalt. It must, however, be remembered that these tints are perceptible only 
if the metals are present in large quantity, and also that complementary 
colors, such as tlie green of a nickel solution and the red of a cobalt solution, 
will destroy each other, and that, accordingly, a solution may contain both 
metals and yet appear almost colorless. 

fThu precipitation of alkali-earth metal borates is easily prevented by the 
presence of much ammonium chloride. 

$ Magnesium oxalate is precipitated by ammonia from hydrochloric acid 
solutions only after a long time, and never completely. Dilute solutions aie 
not precipitated at alL 




§ 230.] METALS. GEOUPS III AND IV. 493 

alkali-earth metals ; of silicic acid, originally in com- 
bination with other metals ; and also of iron, chro- 
mium, and aluminium. Pass on to 138. 

c. Ammonia peoduces a precipitate before the 137 
addition of ammonium sulphide. The course to 
be pursued now depends upon whether (a) the 
original solution is simply aqueous, and has a 
neutral reaction, or (/3) the original solution is 
acid or alkaline. In the former case pass on to 138, 
since phosphates, borates, oxalates, silicates, and 
fluorides of the alkali-earth metals and silicic acid 
in combination with other metals cannot be present. 

In the latter case, if the solution was acid, regard 
must be had to the possible presence of all the 
bodies enumerated in 136. Pass on, therefore, to 
150. If the original solution was alkaline, proceed 
also according to 150, but in this case, consideration 
need be taken generally of silicic acid and alumin- 
ium and chromic phosphates only, because any of 
the salts of the alkali-earth metals enumerated in 
135 can be present in alkaline liquids only very ex- 
ceptionally. 

1. Detection op the metals of Gbojjpb HI and IV 138 
IF phosphates, eto., of the alkali-earth metals are not 
present.* 

Mix the fluid mentioned at 184, a portion of which 
has been submitted to a preliminary examination, with 
some ammonium chloride, then with ammonia, just to 
alkaline reaction, lastly with ammonium sulphide until 
the fluid, after being shaken, smells distinctly of that 
reagent ; shake the mixture until the precipitate begins to 
separate in flakes, heat gently for some time, and filter. 

Keep the filtrate, t which contains or may contain 

* This simpler method will fully answer the purpose in most cases ; but for 
very accurate analysis, the method beginning at 160 is preferable, as this will 
also permit the detection of minute quantities of alkali-earth metals which 
may have been thiown down together with taumiuium and chromic hydroxide. 
Solutions which are distinctly colored by chromic salts should always be 
0xamined by 160. 

t If the filtrate has a brownish color, this points to nickel, since this sul- 
phide, under certain circumstances, as is well known, is slightly soluble in 
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metals of Groups II and I, for subsequent examination 
according to ^ 231. Wash the pbecipitate with water to 
which a very little ammonium sulphide has been added, 

then proceed with it as follows : 

a. It has a puiie white color : absence of iron, 189 
cobalt, nickel. Test it for all the other bases of 
Groups III and IV, as the faint tints of chromic 
hydroxide and manganese sulphide are impercept- 
ible in a large quantity of a white precipitate. Dissolve 
the precipitate by heating it in a small dish with the 
least possible amount of hydrochloric acid; should 
hydrogen sulphide be evolved, boil until this is com- 
pletely expelled, filter if necessary, concentrate by 
evaporation to a sinciU^ bulk, add rather concentrated 
solution of sodium or potassium hydroxide in excess, 
and then boil for some time with constant stirring. 

a. The pvecipitote fotmed oi fivst dissolves coni^ 140 
pletely in the excess of soda: absence of manganese 
and chromium, presence of aluminium or 2dnc. 

Test a portion of the alkaline solution with a little 
hydrogen sulphide water (not an excess) for zing; 
acidify the remainder with hydrochloric acid, add 
ammonia slightly in excess, and apply heat. A 
white flocculent precipitate, insoluble in more am- 
monium chloride, indicates ALUiciNlTTM.t 

The precipitate formed does rwt dissolve, or dis- 14X 
selves oydy parti^yi in the excess of sodium hydroxide. 
Dilute, filter, and test the filtrate, as in 140, for 
ZIKC and aluminium. Wash the undissolved pre- 
cipitate and dry it If it is brown or brownish, 
MANGANESE is present in it; if the solution (of 


ammonium sulphide. In this case, Just acidify the liquid with acetic acid, heat 
for some time, filter off the separated nickel sulphide, and proceed with the 
filtrate according to g 281. 

* Compare g 122, 6. 

f The assumption that aluminium Is present Is of course only Justified when 
the sodium or potassium hydroxide used was entirely free from alumina or 
sflica. Since this is often not the case, a counter-experiment with nearly an 
iqual gwmUty of the alkali alone may be made ; if a very much smaller pre- 
cipitate is now obtained tban was obtained in the analysis, it may be con- 
cluded that aluminium is actually present in the substance. 
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the precipitate produced by ammoninm sulphide) 
in hydrochloric acid is bluish-violet, chromium is 
present. With very small amounts of manganese, 
the color of the precipitate, and with very minute 
quantities of chromium, the color of the solution, 
are not to be recognized. 

To test, therefore, for manganese and chromium 142 
in the safest way, fuse the dried precipitate with 
sodium carbonate and potassium chlorate, and boil 
the mass with water. If the fused mass was yellow, 
or if the solution in water (which, in case it is 
green or red from potassium manganate or per- 
manganate, is to be heated with a little alcohol) is 
yellow, then chromium is present. If the presence 
of MANGANESE cannot be decided upon with cer- 
tainty from the green or red color of the fusion or 
its solution, then, in case an insoluble residue re- 
mained when the fusion was dissolved, test a portion 
of this with sodium carbonate in the oxidizing 
flame, for manganese. If chromium is present, dis- 
solve another portion of this residue in hydro- 
chloric acid, for the detection of zinc, which in that 
case may be present here, possibly in its whole 
amount (§ 128, 5) ; evaporate to a small volume, 
add sodium acetate, and mix with hydrogen sul- 
phide water (§ 122, 4). 

b. It is not white: this indicates chromium, 148 
manganese, iron, cobalt, qi nickel. If it is black, or 
inclines to black, one of the last three metals is 
present. Under any circumstances, all the metals of 
Groups ni and IV must be looked for. 

With a spatula, or vrith the aid of a wash-bottle 
by washing it through a hole made in the bottom 
of the Alter, remove the washed precipitate from 
the filter, and immediately pour over it cold hydro- 
chloric acid diluted with hydrogen sulphide water 
(1 part of hydrochloric acid, 1.12 sp. gr., -with about 
6 parts of hydrogen sulphide water) in moderate 
excess. 

a. It dissolves completely (except perhaps a little 144 
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sulphur) : absence of cobalt and nickel, at least of 
notable quantities of these two metals. 

Boil until the hydrogen sulphide iacompletdy ex- 
pelled, then add a little nitric acid, boil again, filter if 
particles of sulphur are suspended in the fluid, con- 
centrate by eraporation to a small residue, add 
concentrated solution of potassium or sodium hy- 
droxide in excess, boil for some time with constant 
stirring, dilute, filter the fluid from the insoluble 
precipitate which is sure to remain, wash the latter, 
and proceed to examine the filtrate, and then the 
precipitate. 

aa. Test a small portion of the filtrate with 146 
a small amount of hydrogen sulphide water, for 
zinc; acidify the remainder with hydrochloric 
acid, then test with ammonia, for aluminidm. 
(Compare 140.) 

66. Dissolve a small portion of the predp- 146 
Hate in hydrochloric acid, and test with potas- 
sium ferrocyanide, added drop by drop, or with 
potassium sulphocyanide, for ibon.* Test the 
rest of the precipitate for mangajsdese, chbomium, 
and (if chromium is present) for zinc, according to 
142. In making the latter test, iron, if present, 
is to be precipitated by adding ammonia in ex- 
cess, and the filtrate, after being acidified with 
acetic acid, is tested for zinc with hydrogen 
sulphide. 

The precipitate is not completdy dissolved^ a 147 
htaolc residue being l^t: this indicates cobalt and 
NiCKEL.f This indication is not quite certain, espe- 

* Since Prussian blue dissolves in potassium ferrocyanide to a colorless 
liquid, small quantities of iron may be easily overlooked if the reagent is 
added rapidly in large quantity. The original solution must be tested with 
potassium ferricyanideand potassium sulphocyanide to leansxrhether the iron 
was present as a ferrous or ferric salt. 

t This conclusion is Justified only when the pi edpitat ion with hydrogen 
inlphide in 112 has been properly conducted, and especially when it has not 
been made from a solution which was too acid, for if the metals of Group V 
have not been completely precipitated by hydrogen sulphide, portions of them, 
especially of lead and cadmium, are found here. 
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dally in the presence of much ferrous sulphide, 
particles of which may become enveloped in the 
separated sulphur, and thus be protected from the 
action of the hydrochloric acid. Filter, wash, and 
examine the filtrate according to 144. 

Heat the precipitate with the filter in a porce- 148 
lain crucible till the filter is incinerated. Warm 
the residue with some hydrochloric acid with the 
addition of a few drops of nitric acid, add some 
water, then ammonia in moderate excess, and 
filter from any ferric hydroxide which may have 
separated. 

The ammoniacal filtrate is blue in the presence of 
much nickel, brownish in the presence of much co- 
balt, and has a less distinct, mixed color if both 
metals are present. Test a portion of it with ammo- 
nium sulphide, and if a black precipitate is formed, 
the presence of cobalt oi nickel is proved. 

In that case, evaporate the rest of the ammoni- 
acal solution to dryness, drive off the ammonium 
salts by gentle ignition, and proceed with the resi- 
due as follows : 

oa. Test a small portion of it with borax, first 
in the outer, then in the inner, gas or blowpipe 
flame. If the bead in the oxidizing fiiame is 
violet while hot, and is pale reddish-brown when 
cold, and in the reducing flame turns gray and 
turbid, NICKEL is present; but if the color of 
the bead is blue in both flames, whether hot 
or cold, COBALT is present. As, in the latter case, 
the presence of nickel (and in the presence of 
much nickel, traces of cobalt) cannot be distinctly 
recognized, examine 

hh. The remainder of the residue by dissolv- 149 
ing it in some hydrochloric acid, with the addi- 
tion of a few drops of nitric acid, evaporating 
nearly to dryness, adding sodium carbonate 
until the reaction is alkaline, after that, acetic 
acid until the precipitate formed is dissolved and 
some excess of acetic acid is present besides, and 
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finally potassium nitrite in large quantity. If, 
after standing for some time at a gentle beat, 
a yellow precipitate forms in the solution which 
is acid with acetic acid, this confirms the presence 
of COBALT. Filter after about twelve hours, and 
test the filtrate with sodium hydroxide for 

NICKEL.* 

2. Detection oe the metals op Gboups III and IY in 150 

OASES WHERE PHOSPHATES, BORATES, OXALATES, SILICATES, PLTJ- 
OBEDES OP THE ALKALI-EARTH METALS, OR SILICrC ACID MAT 
POSSIBLY HAVE BEEN THROWN DOWN, i.c., in cases where the 
original solution was acid (or, under certain conditions, 
alkaline, compare 137), and a precipitate was produced 
by ammonia in the examination at 134. 

Mix the fluid mentioned in 134 with some ammonium 
chloride, then with ammonia just to alkaline reaction, 
lastly with ammonium sulphide, until the fluid, after be- 
ing shaken, smells distinctly of the reagent ; shake the 
mixture until the precipitate begins to separate, heat 
gently for some time, and filter. 

Keep the filtrate, t which may contain bases of 
Groups II and I, for subsequent examination, according 
to § 231. 

Wash the precipitate with water to which a very little 
ammonium sulphide has been added, then proceed with 
it according to the following course : 

To obtain a clear idea of the obstacles to be over- 
come in this analytical process, it must be considered 
that it is necessary to examine the precipitate for the 
following bodies : iron, nickel, cobalt (these show their 

*If BO little nickel and cobalt were present that their sulphides went into 
solution completely in the treatment of the ammonium sulphide precipitate 
with a mixture of hydrochloric acid and hydrogen sulphide water (148), then, 
they are present In the precipitate mentioned in 146. They may be detected 
in the latter by dissolving a portion of It in hydrochloric acid, adding ammoiiia 
in excess, wanning, filtering, acidifying the filtrate with acetic acid, adding 
sodium acetate, and passing in hydrogen sulphide while heating. A precipi- 
tate thus formed may contain zinc sulphide in addition to the slight amounU 
of cobalt and nickel sulphides, and if this is now treated according to 
148, the latter remain beUnd. 

t Should this be hrowu in consequence of containing nichd, proceed accord- 
ing to the second foot-note undei 188, p. 49a 
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presence to a certain extent by the black or blackish 
color of the precipitate), manganese, zinc, also chromium 
and chromium phosphate (the latter generally reveal 
their presence by the color of the solution), aluminium 
and aluminium phosphate, barium, strontium, calcium, 
and magnesium. The latter metals may have fallen 
down in combination with phosphoric acid, boric acid, 
oxalic acid, silicic acid, in the form of fluorides, or in 
combination with chromic oxide. Besides these bodies, 
silicic acid and free sulphur may be present.*^ 

As the original substance must be afterwards exam- 161 
ined for all acids that might possibly be present, it is not 
indispensable to test for the acids mentioned above at 
this stage ; still, as it is often interesting to detect these 
acids at once, especially in cases where a somewhat 
large proportion of some alkali-earth metal has been 
found in the ammonium sulphide precipitate, a method 
for their detection will be given after that of the 
metals. 

As soon as the washing is finished, remove the pro- 152 
oipitate from the filter with a spatula, or with the wash- 
ing-bottle, and pour over it in moderate excess a mix- 
ture of hydrochloric acid and hydrogen sulphide water 
(1 part of hydrochloric acid, sp. gr. 1.12, with about 5 
parts of hydrogen sulphide water). 

a. A BESIDT7E BEMATNS. FUter, and treat the fil- 153 
trate as directed in 154. If black, the residue 
may contain sulphides of nickel and cobalt, and, 
besides these, sulphur and silicic acid, possibly also 
calcium fluoride (which is rather difficultly soluble 
in hydrochloric acid). Wash the precipitate, and 
warm a part of it with hydrochloric acid, with the 
addition of nitric acid, evaporate to dryness, and 
treat the residue with hydrochloric acid and water. 

If it contains silicic acid, this remains undissolved. 

Test the solution, or the filtrate from silicic acid, fcr 
NICKEL and COBALT, according to 148. Incinerate the 

* That Rulphides of Group V maj be also present here when the precipita- 
tion with hydrogen sulphide has been improperly conducted, is shown in the 
foot-note under 147. 
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Test of the residue with the filter-paper, and test it 
for PLUOBINE ; in the absence of sihcic acid, by § 176, 

5, and in its presence by § 176, 6. If fiuorine is 
found, test for calcium the residue remaining after the 
treatment with sulphuric acid, by treating it with a 
little water, filtering, and adding an equal volume of 
alcohol (compare § 102, 3). 

b. No BESiDUE IS LEFT (except a little sulphur, 154 
whose purity is to be proved by washing, drying, and 
burning) : absence of nickel and cobalt, at least in 
any notable proportion. 

Boil the solution until the hydrogen sulphide is 
expelled, filter if necessary, and then proceed as 
follows : 

a. Mix a small portion of the solution with 155 
dilute sulphuric acid, and warm gently for some 
time. 

aa. No precipitate form. In this case, add 1 
or 2 volumes of alcohol. If a white precipitate 
is produced, it is due to calcium suLPHAm 
Filter it off, digest it with water, and confirm by 
adding ammonium oxalate to the filtered solu- 
tion.* 

bb. A precipitate is produced by dilute sulphuric 
add; this may be babidm and stbontium sul- 
phates, and possibly calcium: sulphate. Filter 
it off, and proceed with the filtrate as in aa. 
Wash the precipitate, decompose it by fusion with 
sodium-potassium carbonate, then wash the car- 
bonates, dissolve them in nitric acid, evaporate 
to dryness, and test the residue by 163. 

A Heat a larger portion with some nitric acid, 156 
and test a small portion of the cooled solution 
with potassium ferrocyanide, added drop by drop, 
or with potassium sulphocyanide, for iBON.f ’M'iv 


* Since the precipitated calcium sulphate may also contain small traces of 
strontium sulphate, it is advisable, in accurate analyses, to use the precaution 
of testing any residue left upon digestion with water for strontium by 
of the spectroscope (g 101, 8). 

t Whether a ferrous or a ferric compound was present must be determined 
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the whole of the remainder with enough ferric 
chloride so that a drop mixed with ammonia upon 
a watch-glass gives a yellow precipitate ; * evapo- 
rate the liquid (best on the water-bath) to a very 
small volume, transfer it by the aid of a little 
water to a flask, then add sodium carbonate solution 
until the free acid is almost neutralized, and finally 
to the still clear solution add barium carbonate in 
some excess, shake, and let the mixture stand in 
the cold until the liquid above the precipitate has 
become colorless. Filter the precipitate (aa) from 
the solution (ib) and wash it. 

oa. Boil the precipitate for some time with 167 
solution of sodium or potassium hydroxide, 
filter, and test the filtrate for aluminium, t by 
acidifying with hydrochloric acid, adding am- 
monia to alkaline reaction, and boiling. The 
part of the precipitate insoluble in sodium hy- 
droxide is examined for ohbomium, by fusing with 
sodium carbonate and potassium chlorate, and 
treating the mass with water (§ 107, 10). 

ib. Mix the solution first with a few drops of 
hydrochloric acid, boil (to remove all the car- 
bonic acid), and then add some ammonia and 
ammonium sulphide. 

aa. No precipitate forma : absence of man- 168 
ganese and zinc. Mix the solution, which 
contains barium chloride, with dilute sulphur- 
ic acid in slight excess, boil, filter, make 
alkaline with ammonia, and add ammonium 

hj testing the original solution in hydrochloric acid with potassium ferri- 
cyanide and with potassium sulphocyanide 

* The addition of ferric chloride is necessaiy in order to effect the certain 
separation of any phosphoric and silicic acids that may be present. These 
then go into the precipitate produced by barium carbonate, as do also oxalic 
acid, boric add, and fluorine. 

f If the solution or the sodium or potassium hydroxide which is used con- 
tains silicic acid, the precipitate assumed to be alumina may be silica. If this 
is surmised, ignite the probable alumina precipitate upon the coyer of a plati- 
num crucible, add to it a little potassium disulphate, fuse, and treat with 
hydrochloric acid and water. Alumina is then dissolved, leaving silica un- 
dissolved, and may he precipitated from the solution with ammonia. 
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oxalate solution. If a precipitate of calcudm 
OXAIATE is formed, filter it off, and test the 
filtrate for maonesicm with ammonium sodium 
phosphate and ammonia. 

A predpUaie form. Filter, and pro- 159 
ceed with the filtrate according to 158. The 
precipitate maj contain zinc and manganese 
sulphides and traces of cobalt and nickel sul- 
phides. Wash it and test for mahtoaiiese, zinc, 
COBALT, and nickel, according to 143 to 150 (if 
the last two metals have not been found in 
153). 

y. If alkali-earth metals have been found in or and 160 
fi, and it is desired to detect the acids in combination 
with which they have passed into the precipitate 
produced by ammonium sulphide, make the follow- 
ing experiments with the remainder of the hydro- 
chloric acid solution of the precipitate produced 
by ammonia and ammonium sulphide. It is to 
be noticed, however, that phosphoric and silicic 
acids may also go into this precipitate (150) in com- 
bination with aluminium or chromium. 

oa. Evaporate a small portion in a dish or 
watch-glass, on the water-bath, to complete dry- 
ness, then treat with hydrochloric acid. If there 
was any snioia Aom in the solution, this will be 
left undissolved. Then evaporate the solution 
with nitric add, and test it for thobfhobic acid 
by means of molybdic acid solution (§ 172, 10). 

Hb. Concentrate another portion by evapora- 
tion, mix it with sodium carbonate solution in 
esecesSf boil for some time, filter, and examine 
one portion of the filtrate for ozauo acid, by acid- 
ifying with acetic acid and adding solution of cal- 
cium sulphate ; another portion for Bomo 
by slightly addifying with hydrochloric acid, and 
testing with turmeric-paper (§ 176, 6 and § 174 6). 

cc. Predpitate the remainder with ammonia, 
filter, wash, and dry the predpitate, and ATamina 
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it for PLtTOBiBE according to § 176, 5, or, if required, 
§176.6. 

B. Obqanic Substakces abb Fbesent. 

In this case divide the liquid in which hydrogen snl- 161 
phide has produced no precipitate (110), or that which 
has been filtered from such a precipitate (112), into two 
unequal parts, consisting of about two thirds and one 
third. The smaller part will serve for testing for the alkali 
metals according to § 233 ; the larger part, after destroying 
the organic substances, is to be used for detecting the 
metals and salts enumerated at the beginning of § 230, and 
also the alkali-earth metals. Evaporate the larger part 
almost to dryness, add sodium carbonate in slight excess, 
and also some potassium nitrate, heat in a platinum 
vessel until the organic substances are just destroyed, 
soften the mass with water, and, in a glass or porcelain 
vessel, add hydrochloric acid to it, heat (if the solution is 
yellow from chromic acid, with the addition of some 
alcohol; § 166, 5), and then proceed with the solution 
thus obtained, according to 184. 

§ 231.* 

Separaetion and JDet&dion of those Metals of Group II, 
which arepr&ApitaieA hy Ammonium Garbonate in Presence of 
Ammomum Chloride, viz.. Barium, Strontium, and Caloiwn. 

Before continuing the examination it should be con- 
sidered whether an ordinary analysis is required, or a very 
exact one in which even very small traces of alkali-earth 
metals ought not to be overlooked. For ordinary anal- 
yses, the process A will suffice, while for very exact work, 
the method B is to be followed. 

A. Fbooess POB Okdinabt Akalvses. 

To A aWAT.T. FOBXION OF THE LIQtm> m WHIOH AimOEIA 168 
AND ABHOmOU SXrLPHinE HAVE FAJUm TO PBOBITOE A PEQBGIH- 
TATE (135), OB OF THE UQTHI) FILTEBED FBOU THE FBECHFI- 
TATE FOBBED, ADD AMBONIDM OHLOBIDB, IF THE SOLUTION 


* Compaie the notes In Section IIL 
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CONTAINS NO AMMONIUM SALT, THEN AMMONIUM CARBONATE AND 
SOME AMMONIA, AND HEAT FOR SOME TIME TERY GENTLY (not 
to boiling). 

1. No PRECIPITATE FORMS: absence of any notable 
quantity of barium, strontium, and calcium. To another 
portion, in order to detect any traces of them, add some 
ammonium sulphate (prepared by more than neutralizing 
dilute sulphuric acid with ammonia) ; if the fluid becomes 
turbid, it contains traces of barium. To a third portion 
add some ammonia and ammonium oxalate ; if the fluid 
turns turbid, perhaps only after standing, traces of cal- 
cium are present. Treat the remainder of the fluid as 
directed in § 232, after haying removed, by means of the 
reagents that have served for their detection, any traces 
of calcium and barium which have been found. 

2. A PRECIPITATE IS FORMED : presence of calcium, 168 
BARIUM, or STRONTIUM. Treat the whole fluid of which a 
portion has been tested with ammonia and ammonium 
carbonate in the same way as the portion ; after gently 
heating, filter off the precipitate formed, and test portions 

of the filtrate with ammonium sulphate and oxalate fbr 
traces of calcium and barium, which it may possibly still 
contain ; remove such traces, should they be found, by 
means of the same reagents, and examine the liquid (thus 
perfectly freed from barium, strontium, and calcium) for 
magnesium, according to § 232. Wash the precipitate 
produced by ammonium carbonate with water containing 
a little ammonia, dissolve it in the least possible amount 
of dilute nitric acid, evaporate the solution almost to dry- 
nes. on the water-bath, then, at a somewhat higher 
temperature, upon the sand-bath, with continual stirring, 
until the residue no longer smells of nitric acid, and a cold 
glass plate placed over it for a moment no longer shows 
a deposit of moisture. After cooling, triturate the residue 
quickly, pour upon it (in a dry flask which is to be corked 
at once) from five to ten times its amount of a mixture of 
equal parts of ether and absolute alcohol, shake fre- 
quently, filter after one or two hours, using a filter-paper 
which is not wet with water, and wash any residue 
remaining with small quantities of the ether-alcohol mix- 
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ture until the last washings remain clear with a drop of 
dilute sulphuric acid. 

а. No residw rermina: absence of barium and 164 
strontium. Add a few drops of dilute sulphuric acid 

to the ether-alcohol solution. A precipitate shows 
the presence of calcium. 

б. A residue remains. Test the ether-alcohol solu- 165 
tion as in a. Dissolve the residue with the aid of 
heat in 70 to 100 parts of water, filter if necessary, 
acidify with three or four drops of acetic acid, heat 

to boiling, add normal potassium chromate until 
the liquid shows a yellow color, and boil up again. 
Should there still be a perceptible odor of acetic 
acid, some more potassium chromate must be added. 
a. No precipitcde is formed : absence of barium. 

Mix the solution with ammonia and ammonium 
carbonate. A white precipitate shows strontium. 

A light yellow precipitate forms immediately 
or after standing for a loMle : presence of barium. 
Filter after an hour, and test the filtrate according 
to a for STRONTIUM. 

B. Peoces§ tor tort Exact Analyses. 

a. Since the precipitation of barium, strontium, and cal- 166 
cium by means of ammonium carbonate is interfered with 
by large amounts of ammonium salts, the latter must be 
removed, in case they were originally present or have been 
introduced into the liquid by the previous operations, 
before testing for the alkali-earth metals. Therefore, 
either evaporate directly to dryness the liquid which has 
been tested with ammonia and ammonium sulphide with 
negative results (136) or add hydrochloric acid to the 
liquid which has been filtered from the precipitate 
obtained with ammonia and ammonium sulphide, heat it 
to boiling for some time, filter off the sulphur, and 
then evaporate this filtrate to dryness. In either case, 
remove the ammonium salts by heating, moisten the 
residue with hydrochloric acid, add water and ammo- 
nia, filter, and proceed with the filtrate according to 
162. 



if06 SYSTEMATIC COURSE OF ANALYSIS. [§ 23S. 

6. Since, in case tlie extraction of tlie nitrates with 
ether and alcohol (163) has not been complete, small 
amounts of calcium nitrate may have remained in the 
residue, the precipitate obtained by ammonia and ammo- 
nium carbonate in 165, a, if it is very small, may be cal- 
cium carbonate. Test this spectroscopically, therefore, 
for strontium (§ 101, 8), or by the method described in 

§ 104 . 

a Since, if the operation has not been quite correctly 
carried out, traces of strontium may be contained in the 
ether-alcohol solution tested in 164, examine the precipi- 
tate produced by sulphuric acid, in case it is small, either 
by the help of the spectroscope (§ 102, 8), or according to 
the method given in § 104, to find if it is really calcium 
sulphate. 


§ 232. 

JSxamination for Magnesivm. 

To A PORTION OP THE LIQUID IN WHICH AMMONIUM CAR- 
BONATE, SCLPH.VTE, AND OXALATE HAVE PALLED TO PBODUOB A 
PEECIPITATB (168), OB OP THE LIQUID PILTEBHD PROM THE 
PRECIPITATES FORMED (163), ADD AMMONIUM CHLORIDE, IP 
AMMONIUM SALTS ABE NOT PRESENT, THEN AMMONIA AND SOME 
SODIUM AMMONIUM PHOSPHATE, AND, IP A PREaPITATE DOES 
NOT POEM AT ONCE, RUB THE INNER SIDES OP THE TEST-TUBE 
WITH A GLASS BOD, AND LET THE MLXTUBE STAND FOR SOME 
TIME. 

1. No PRECIPITATE IS FORMED : absence of magnesium. 167 
Pass on to § 233. 

2. A CBISTALIJNE PRECIPITATE IS FORMED : presence of 
MAGNESIUM. To test foz the alkati metals, pass on to 
§ 233. Ammonium magnesium phosphate is always crys- 
talline, and if, therefore, ammonium sodium phosphate 
produces a slight, flocculent precipitate, it is not justifiable 
to assume the presence of magnesium. The slight, flooky 
precipitate which is sometimes thrown down here may be 
aluminium phosphate. It is obtained when alumina was 
present, and when too great an excess of ammonia was 
used in precipitating the metals of Groups in and lY. 
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Its appearance depends upon the circumstance that 
aluminium phosphate is less soluble than aluminium 
hydroxide in ammonia solution. Aluminium phosphate 
differs from ammonium magnesium phosphate in its in- 
solubility in acetic acid. In order to confirm the presence 
of magnesium, a fiocculent precipitate obtained by ammo- 
nium sodium phosphate should therefore, after filtering, 
be treated with a little acetic acid, and the resulting fil- 
trate (which must not be made turbid by ammonium 
sulphate and oxalate) mixed with ammonia and a few 
drops of ammonium sodium phosphate* If magnesium is 
present, a crystalline precipitate is now obtained. 

§ 233. 

Examination for Potassium and Sodium, 

The following liquids may be in hand for testing for 
potassium and sodium : 

1. In the absence of obganio substances : 

a. The remainder of the solution tested for mag- 
nesium with a negatiYe result (§ 232, 1). 

b. The remainder of the solution tested for mag- 
nesium with a positive result (§ 232, 2). 

2. In the pkesenoe of organic substances : the third of 
the liquid reserved in 161, in which hydrogen sulphide 
has produced no precipitate (110), or that filtered from 
the resulting precipitate (112). 

According as one or another of these liquids is at hand, 
a varying preparatory treatment is necessary. 

a. Case 1, a. 

Evaporate to dryness a sample of the solution tested 
for magnesium in § 232, 1, with a negative result (con- 
veniently in the hollow of a platinum crucible cover), and 
ignite gently. If no residue remains, potassium and 
sodium are not present. Pass on to § 234. If a residue 
remains, treat all the rest of the solution in a platinum 
or porcelain dish in the same way as the sample, and 
proceed with the residue, thus freed from ammonium salts, 
by 169. 


168 
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Case 1, 6. 

Evaporate to dryness the remainder of the liquid tested 
in § 232, 2, for magnesium mth a positive result, ignite 
until all the ammonium salts have been removed, heat 
the residue with some water, and add a few drops of ba- 
rium chloride. If this produces a precipitate, add a little 
more barium chloride until everything capable of being 
thus precipitated has been thrown down, then, with con- 
tinued heating, add barium hydroxide solution prepared 
from the crystals, or rather thin milk of lime (calcium 
hydroxide) which has been freed from all traces of alkalies 
by repeated extraction with water, until turmeric-paper 
is strongly colored brown. After boiling some time, filter, 
add to the filtrate a slight excess of ammonium carbonate 
to which some ammonia has been added, warm for some 
time gently, filter, and evaporate the filtrate to dryness, 
then ignite gently until all ammonium salts have been 
driven off. If no residue remains, potassium and sodium 
are not present. Pass on to § 234. If a residue does 
remain, proceed with it according to 169. 

y. Case 2. 

The liquid under consideration here contains organic 
substances, and possibly also all the metals and salts 
mentioned at the beginning of § 230, as well as all the 
alkali-earth metals. Evaporate it to dryness in a porce- 
lain dish, moisten the residue with pure concentrated 
sulphuric acid, and heat under a good hood or in the 
open air until the greater part of this has evaporated. 
After cooling, add water, filter, mix the hot filtrate with 
barium chloride as long as a precipitate is still formed, 
then add barium hydroxide solution or milk of lime, 
and proceed as given in /3 (Case 1, b). 

The residue obtained in a, >?, or y, freed from ammo- 169 
nium salts, should not be tested directly for the alkali 
metals^ because it generally contains small amounts of 
the alkali-earth metals, and perhaps a little silicic acid. 
Dissolve it, therefore, in a little water, add some am- 
monia, and then a little ammonium carbonate, and warm 
gently for some time. If a precipitate has formed, filter 
it oS. Evaporate this filtrate, or the liquid which has 
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remained clear, to dryness again, and ignite gently to 
remove the small amount of ammonium salts. If a resi- 
due now remains, potassium or sodium is present. Dis- 
solve this in very little water, in which it must dissolve 
clear,* transfer half of the liquid to a watch-glass, leav- 
ing the other half in the porcelain dish. 

oa. Add to the latter portion a few drops of Ay- 170 
drocJdoroplatinic acid solution. If a yellow, crystal- 
line precipitate is formed at once or after some 
time, POTASSIUM is present. If no precipitate is 
formed, allow the liquid to evaporate at a gentle 
heat, and treat the residue with very little water 
(if only chlorides are present, still better with a 
mixture of water and alcohol). The slightest 
trace of potassium may then be recognized by 
the fact that a small amount of a heavy yellow 
powder remains undissolved (§ 94, 3). In the 
presence of an iodide, the deep brown color of 
the liquid interferes with the detection of potas- 
sium by hydrochloroplatinic acid (§ 97). Under 
these circumstances, it is better to test with 
sodium acid tartrate. 

66. To the other half, after testing its 171 
reaction and neutralizing any free acid with 
potassium carbonate, add some add potassium 
pyroantimonate. If a crystalline precipitate is 
formed thereby, immediately or after some time, 
sonruM is present. The complete absence of 
sodium can be assumed with certainly only if 
no crystals of acid sodium pyroantimonate have 
formed, even after twelve hours. In regard to 
the crystalline form of the precipitate, and the 
precautions to be taken in making the test, com- 
pare § 95, 2. 

§234. 

JSiXamincdion for Ajmmomivm. 

Thebe still remains the examination fob ammonium. 172 
Triturate some of the substance unde r investigation, or, 

• If this is not the case, the above described puiificatloii from tmces of 
the earths or silicic add must be repeated. 
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if a liquid is in hand, a portion of this, with an excess of 
calcium hydroxide, and, if necessary, a little water. If 
any escaping gas smells of ammonia, if it blues moist, red 
litmus-paper, and forms white fumes when a glass rod 
moistened with acetic acid is lowered into the vessel con- 
taining the mixture, amm onium is present The reaction 
is most sensitive if the trituration is made in a small 
beaker, and the latter covered with a glass plate, with & 
strip of moist turmeric- or red litmus-paper adhering to 
the under side. 

Complex Oompomda. 

A. 1- Substances soluble in Wateb. 

Detection op Acids.* 

§236. 

I. In the Ahaence of Organic Adda. 

In the first place, consider which are the acids that 17S 
form compounds soluble in water with the bases found, 
and let this be the guide in the examination. To beginners, 
the table given in Appendix IV will prove of consider* 
able assistance. The following method of analysis 
works best when the acids are combined exclusively 
with alkali metals. It is therefore usually advisable 
to precipitate other metals first, with sodium carbonate, 
with the application of heat, and then to examine the 
filtrate. 

1. The acids of absenic, oabbonio acud, sulphur com- 
bined with metals or hydrogen, cheomio acid, hideopeeri- 
CVANio ACID, and silicic acid will have been usually detected 
in the preliminary examination or in testing for the metals 
(see §§ 211, 225, 226, and 228). Chromic acid is also easily 
recognized by the yellow or reddish-yellow color of the 
solution. If in doubt, test for it with lead acetate with 
the addition of acetic acid (§ 166, 8). 

2. Test the reaction of the liquid, and if it does not 174 
react neutral, make a considerable portion of it exadXy 

* See the explanations in Section IIL In relation to another course for the 
detection of the inorganic acids, compare H. Tbby, Zeitschr. f. analyt. Ohesn., 
33 , 533 . 
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neutral with nitric acid or ammonia. Should this pro- 
duce a precipitate (possibly of silicic acid, magnesium 
hydroxide, etc.), it is to be filtered o£ If carbonic acid is 
evolved upon neutralization, it is to be removed by boiling. 
Four portions of this liquid are to be used for 3, 4, 

7, and 8. 

3. A portion of the clear, neutral solution mentioned 175 
in 2 is mixed with barium chloride, or, if the solution 
contains lead, silver, or a mercurous salt, with barium 
nitrate. 

а. No PRECIPITATE IS FORMED ; absence of sulphuric, 
phosphoric, chromic, silicic, oxalic, arsenious, and 
arsenic acids, as well as of any considerable quantities 
of boric and hydrofluoric acids.* Pass on to 176. 

б. A PRECIPITATE IS FORMED. Dilute the liquid, 
and add hydrochloric acid, or, as the case may be, 
nitric acid. If the precipitate does not redissolve, or 
at least not completely, stjlphijrio acid is present. 

4. Add silver nitrate to another portion of the clear, 176 
neutral solution (see 2). 

a. No precipitate is formed. Pass on to 181, for 
there is neither chlorine, bromine, iodine, cyanogen,t 
sulphocyanogen, ferro- andferricyanogen, nor sulphur 
present ; nor phosphoric, arsenic, arsenious, chromic, 
silicic, oxalic acids, nor boric acid if the solution was 
not too dilute. 

i. A precipitate is formed. Observe its color, X 177 
then add nitric acid, and shake the mixture. 

a. The precipitate diasdves completely : absence of 
chlorine, bromine, iodine, cyanogen, sulphocyano- 

* If the solution contains an ammonium salt in somewhat considerable pro- 
portion, the non-formation of a precipitate cannot be considered a conclusive 
proof of the absence of these acids, since the barium salts of most of them (not 
the sulphate) are more or less soluble in presence of ammonium salts. The pre- 
cipitation of barium borate is also very much interfered with or prevented by 
the presence of alkali-metal chlorides. 

t That the tyanogen in mercuric cyanide is not indicated by sQver 
nitrate has been mentioned in the foot-note under 73. 

lOhlnride, bromide, cyanide, sulphocyanide, ferrocyanlde, oxalate, silicate, 
and borate of silver are white ; iodide, orthophosphate, and arsenite of silver 
are yellow ; arsenate and ferricyunide of silver are brownish-red ; silver 
chromate is purple-red ; and silver sulphide is black. 
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gen, ferro- and ferricyanogen, and also of sulphur. 

Pass on to 181. 

A residue is left : chlorine, bromine, iodine, 178 
cyanogen, sulphocyanogen, ferro- or ferricyanogen 
may be present ; and if the residue is black or black- 
ish, HYDROGEN SULPHIDE or a soluble METALLIO SUL- 
PHIDE. If necessary, the presence of sulphur may 
be readily confirmed, by mixing another portion of 
the solution with a solution of lead acetate in 
sodium hydroxide. 

aa. Test another portion of the original solu- 
tion, or of the solution precipitated with sodium 
carbonate, for iodine, and subsequently for 
3R0MINB, with starch paste and carbon disul- 
phide, a solution of nitrous acid in sulphuric 
acid, and chlorine- water, according to p. 377, but 
compare also cc. 

Test a small portion of the liquid men- 179 
tioned in aa, after the addition of some hydro- 
chloric acid, with ferric chloride. A red color 
shows SULPHOCYANOGEN ; a blue precipitate, 
FEBBOOYANOGEN. If the latter is obtained, shake 
another portion of the liquid mentioned in aa 
with ether, after the addition of some hydro- 
chloric acid, pour oflf the layer of ether, and test 
it with ferric chloride for sulphocyanogen. If 
the color of the silyer precipitate leads to the 
suspicion of the presence of ferricyanogen, test 
another portion for the latter substance with 
ferrous sulphate (freshly prepared, by warm- 
ing iron wire with dilute sulphuric acid in 
excess). 

oc. Cyanogen, if present in the form of a simple 
cyanide of an alkali metal soluble in water, may 
usually be readily recognized by the smell of 
hydrocyanic acid, which the substance emits, 
and which is rendered more strongly perceptible 
by the addition of a little dilute sxilphuric acid. 

If ferrooyanogen and ferricyanogen are absent, 
cyanogen may be detected in the liquid men- 
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tioned in aa, by the method given in § 186, 6. If 
they are present, see § 188. 

Since hydrocyanic acid seriously interferes 
vith the detection of iodine and bromine by 
means of nitrous acid or chlorine-'water and car> 
bon disulphide, negative results obtained by 
testing in aa, in the presence of cyanogen, do not 
justify the conclusion that iodine and bromine 
are absent. In this case, it is necessary to destroy 
the cyanogen before testing for them, and for 
this purpose proceed as directed in § 188. 

dd. Should bromine, iodine, cyanogen, sul> 180 
phocyanogen, ferrocyanogen, ferricyanogen, and 
sulphur not be present, the precipitate which 
nitric acid has failed to dissolve consists of silye!B 

OilJjOBiIDE. 

But where one or more of these bodies are 
present, a special examination for chlorine may 
sometimes become necessary, particularly when 
the relatiye quantities of the precipitates do not 
afford a decided indication of the presence of 
chlorine.^ In these rare cases, make use of one 
of the methods given in § 188. 

6 . OHLOKEOAcan is known by the yellow color produced 181 
when a little of the original solid substance, or that 
obtained by evaporation, is brought into contact with 
concentrated sulphuric acid, upon a watch-glass (§ 194, 7)* 

6. Nitkic acid is tested for with ferrous sulphate and 
sulphuric acid, in a portion of the original solution 
(§ 193, 6). This reaction is impeded or prevented by 
the presence of some other acids. If such were present, 
particularly chloric, chromic, hydriodic, or hydrobromic 
acids, they are first to be removed or destroyed. Chloric 
acid is destroyed by ignition (§ 195, near the e-id); chromic 
acid is reduced by sulphurous acid, chromic hydroxide 
being precipitated afterwards with ammonia ; hydriodic 

♦Supposing, for Instance, silver nitrate to have produced a copious pre- 
cipitate insoluble In nitric acid, and the subsequent examination to have 
shown mere traces oi iodine or bromine, the presence of chlorine may bo 
held to be demonstrated without requiring additional proof. 
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and hydrobromic acids are removed by silver sulphate. 
Moreover, the reaction § 193, 13, serves the purpose. 

Phosphoric, boric, silicic, and oxalic acedb, as well 
as hydrofluoric acid, are still to be tested for. 

For the first four acids, test only in cases where both 
barium chloride and silver nitrate have produced pre- 
cipitates in neutral solutions. (Compare, however, foot- 
note to 175.) 

7. Test for phosphoric acid by adding to a portion of 182 
the neutral solution (see 2) ammonia in excess, then 
ammonium chloride and magnesium sulphate. Very 
minute quantities of phosphoric acid are detected most 
readily by means of molybdic acid (§ 172, 10). Arsenic 
acid, if present, must be first separated by hydrogen sul- 
phide, whichever method of testing is to be used, the 
solution being acidified, and kept at 70° during the pas- 
sage of the gas. 

8. To make a preliminary test for oxalic and hydro- 
fluoric acids, add calcium chloride to a fresh por- 
tion of the neutral solution prepared in 2, and if a pre- 
cipitate is produced, add acetic acid. If no precipitate 
is obtained, or if one which is formed dissolves easily in 
acetic acid, oxalic and hydrofluoric acids are not present ; 
in the other case, although it cannot be concluded that 
one of these acids is present, there is reason for testing 
for them. Test, therefore, portions of the original sub- 
stance for oxalic acid,* by § 175, 7, and for fluorine 
according to ^ 176, 5. But, since the solutions of many 
oxalates are not precipitated by calcium chloride (§ 177), 
always test directly for oxalic acid* when heavy metals 
are present by § 175, 7. 

9. Acidify slightly, with hydrochloric acid, a portion 188 
of the original solution, or, if the case requires it, that 
which has been precipitated with sodium carbonate, then 
test for BORIC acid, by means of turmeric-paper (§ 174, 6). 
Since chloric, chromic, and hydriodic acids impede or 
prevent the reaction, these, if present, mnst he removed 

or destroyed before testing for boric acid (compare § 235, 

* If the substance contains carbonic acid, this is to be first removed by 
means of dilute sulphuric add. 
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6). Any nitrous acid present, which also has an interfer- 
ing action upon this test, may be destroyed by bromine in 
the acidified solution. 

10. Should snicic acid not yet hare been found in 
the course of testing for the bases, acidify a portion of 
the liquid with hydrochloric acid, evaporate to dryness, 
and treat the residue with hydrochloric acid (§ 180, 2). 

Complex Compounds. 

A 1. Substances soluble in Water. 

Detection op Acids, 

n. In the Presence of Organic Adds. 

§236. 

1. The examination for the inorganic acids, including 184 
oxalic acid, is made as described in § 235. As the tartrates 
and citrates of barium and silver are insoluble or at least 
difficultly soluble in water, tartaric acid and citric acid 
can be present only in cases where both barium chloride 
and silver nitrate have produced precipitates in the neu- 
tral fluid ; still, in drawing this inference, bear in mind 
that these salts are slightly soluble in solutions of am- 
monium salts. 

In testing for the organic acids, a solution is generally 
used which is freed from the metals of Groups II, EH, 

JV, V, and VI, according to 173, and which, if required, 
is to be made exactly neutral with ammonia or hydro- 
chloric acid. If carbonic acid is evolved in this opera- 
tion, it is to be removed by heating for a short time, with 
repeated agitation. If the metals cannot be fully removed 
by sodium carbonate, as is often the case in the presence 
of a non-volatile organic acid, complete the separation 
according to the method described at the beginning of 
§ 220. The cases will be distinctly specified where the 
•solution thus prepared should not be used, but the 
wiginoil aqueous solution instead. 

2. Make a portion of the sufficiently concentrated 185 
liquid feebly alkaline with ammonia, add some ammo- 
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oiiim chloride, then calcium chloride in not too small 
amount, rub the walls of the vessel with a glass rod or 
shake vigorously, and let the mixture stand about two 
hours. 

a. No PSECIPITATE IS FOBHED, EITHEB AT ONOE OB 
AETEB THE LAPSE OP SOME TIME : absence of tartaric 
acid. Pass on to 186. 

h. A PBEOIFITATE IS POBMED IMMEDIATELY, OB APTEB 
SOME TIME. Pilter, and keep the filtrate for further 
examination according to 186. Wash the precipitate, 
the formation of which does not in any way show the 
presence of tartaric acid, because it may be due also 
to calcium phosphate, oxalate, etc. ; digest and shake 
it with solution of sodium hydroxide without apply- 
ing heat, then dilute with a little water, filter, and 
boil the filtrate some time. If a precipitate separates, 
TABTABio ACID is indicated. Pilter hot, and test the 
precipitate according to § 197, 8 or 15. 

3. Mix the fluid in which calcium chloride has 18ft 
failed to produce a precipitate, or that which has been 
filtered from the precipitate formed (in the latter 
case some more calcium chloride is to be added), with 
3 volumes of alcohol, stopper the flask, and let it 
stand at the lowest possible temperature for severa 
hours. 

a. No FBEdPiTATE IS POBMED : absence of citric, 187 
malic, and succinic acids. Pass on to 190. 

5. A PBEdPiTATE IS POBMED. PHter, and treat the 183 
filtrate as directed in 190. Treat the precipitate, 
after washing it with some alcohol, as follows : * 

Suspend the precipitate in water, add a little hy- 
drochloric acid, filter if necessary, add ammonia to 
the filtrate to strongly alkaline reaction, and then 
heat for some time to boiling, during which the reac- 
tion must remain alkaline. 

a. Itbematns cleab : absence of citric acid. Add 

*If the precipitate is veiy slight, it may possibly be due to a portion of 
tartatic add which has remained in solution in the treatment according to 185. 
Dissolve it, therefore, in a little hydrochloric add, and repeat the operations 
described In 185 and 158. 
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more alcohol, let the mixtnre stand for some hours at 
the lowest possible temperature, filter off the pre- 
cipitate, which may contain calcium malate and suc- 
cinate, wash it with a little alcohol, remove it from 
the filter, dry it in a porcelain dish until all the 
alcohol is driven off, * dissolve it in about 2 cc of 
strong nitric acid (of about 1.35 sp. gr.), and evapo- 
rate to dryness on the water-bath ; put 2 cc more of 
the s^me nitric acid upon the residue, evaporate 
again to dryness, and repeat this evaporation with 
2 cc of nitric acid still a third time. In this opera- 
tion, any succinic acid present remains unchanged, 
while any malic acid is converted into oxalic acid, 
with evolution of carbonic acid. Boil the residue 
with a small excess of sodium carbonate solution, 
filter, just acidify a portion with acetic acid, and 
add a few drops of calcium chloride solution. If 
a white precipitate of calcium oxalate is formed, 
KAiio ACID is indicated. To test for succinic acid 
in this case, nearly neutralize the remainder of 
the alkaline liquid with hydrochloric acid, precip- 
itate the slightly alkaline solution hot with cal- 
cium chloride added somewhat in excess, filter, 
and mix the filtrate with alcohol. A resulting 
precipitate necessitates testing further for sncciNio 
ACID. If the precipitate, washed with alcohol, is 
suspended in a little water, dilute sulphuric acid 
is added, this is extracted repeatedly with ether, 
and the ether is distilled off, the succinic acid is 
obtained as a residue (§ 205). If oxalic acid 
formed from malic acid was not present, the rest 
of the alkaKne solution may be exactly neutralized 
with hydrochloric acid, and succinic acid may be 
tested for with ferric chloride (§ 202, 5).t 

A HEAVY WHITE PBECIPITATE IS EORMED : preS- 18ft 
ence of OITBIO acid. Filter while boiling, and test 
the filtrate for malic and succinic adds, as in < To 

* Oxalic acid woiild aUo be produced by the action of nitric acid upon any 
alcohol which was left behind. 

t For other methods of sepaiiling malic acid from succinic acid, see § 300 ^ 
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remove all doubt as to whether the precipitate is 
calcium citrate, redissolve it in a little hydrochloric 
acid, heat, make alkaline again with ammonia, and 
boil. The precipitate must now be thrown down 
again. (Compare § 198, 3.) 

4. Heat the filtrate of 188, or the liquid in which the 190 
addition of alcohol has failed to produce a precipitate 
(187), to expel the alcohol, neutralize eooactly with hydro- 
chloric acid, and add ferric chloride. 

а. Neither a precipitation nor a coloration re- 
sults : absence of salicylic and benzoic acids, as 
well as of any considerable amounts of acetic and 
formic acids. Pass on to 191 and 192. 

б. A PLESH-COLORED PRECIPITATE IS FORMED: BEN- 
ZOIC ACID. For confirmation, treat it, after it has been 
washed, with a small amount of hydrochloric acid 
(§203,2). 

C. A VIOLET COLORATION IS PRODUCED: SAIICVLIO 
ACID. Since, if this is intense, a possible precipitate 
of ferric benzoate cannot be seen, filter the liquid, and 
wash the filter-paper with water. If there remains a 
flesh-colored precipitate, it is due to benzoic acid, and 
is to be subjected to confirmatory testing according 
to b, 

d. A more or less red coloration is produced. In 
this case, acetic acid or formic acid is present in 
somewhat large amount. Filter, and proceed with 
any precipitate of ferric benzoate collected upon the 
the filter-paper, according to b. Heat the filtrate to 
boiling, just dissolve the resulting precipitate by add- 
ing hydrochloric acid drop by drop, and add several 
volumes of water. A violet coloration shows the 
presence of salicylic acid. 

6. Evaporate a portion of the original aqueous solution 191 
to dryness (if acid, after previously making alkaline with 
sodium hydroxide), introduce the residue or a portion of 
the original dry substance into a test-tube, pour some 
alcohol over it, add about an equal volume of concen- 
trated sulphuric acid, and heat to boiling. Evolution of 
the odor of acetic ether demonstrates the presence of 
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ACETIC ACID. The odor is rendered more distinctly per- 
ceptible by shaking the cooling or cold mixture.* 

6. Test for formic acid by exactly acidifying a portion of 192 
the liquid prepared according to 184, with hydrochloric 
acid, and heating with mercuric chloride solution. A 
white turbidity from the separation of mercurous chloride 
shows the presence of formic acid {§ 207, 6). Confirm its 
presence further by silver nitrate and by mercurous 
nitrate (§ 207, 4 and 5).* 

Complex CompouTids. 

Ar 2. Substances insoluble in Water, but soluble in Hideo- 
OHLORio Acid, Nitric Acid, or Aqua Eegia. 

Detection of the Acids. 

L In tJie Absence of Organic Acids. 

% 237. 

In the examination of these compounds, attention must 
be directed to all inorganic acids, with the exception of 
chloric acid. Cyanogen compounds and silicates are not 
examined by this method. (Compare §§ 240 and 241.) 

1. Carbonic acid, sulphur (in the form of metallic sul- 198 
phides), absenious, arsenic, and chromic acids, if pres- 
ent, have been found already in the examination for 
bases ; nitric acid, if present, has been detected in the 
preliminary examination, by the ignition in a glass tube 

<8, cc). 

2. Mix a sample of the substance with 4 paints of pure 194 
sodium-potassium carbonate, and should a metallic sul- 
phide be present, add some sodium nitrate ; fuse the mix- 
ture in a platinum crucible if there are no reducible me- 

*ln the presence of chromic or chloric acid, it is not possible to detect 
acetic and formic acids by the methods given. Where chromic acid is pres- 
ent, mix the original solution with some sulphuric acid, then shake with an 
excess of lead oxide, filter, add dilute sulphuric acid to the filtrate in moderate 
excess, and distiL Make the distillate alkaline with sodium hydioxide, evap- 
orate almost to dryness, and test the residue by 191 and 192. Also, when 
organic acids of the first and second groups are present in large amount, it is 
advisable first to mix the liquid with sulphuiic acid and subject it to distilla- 
tion, In the presence of chloric acid, this is reduced nooording to g 194, 10. 


€20 


STSTBMATIO 00UB8B OP ANALYSIS. 


[§ 237. 


tallic compounds present, or in a porcelain crucible if such 
compounds are present ; boil the cooled mass with water, 
filter, and proceed with the filtrate for the detection of 
the acids, according to § 235.* 

3. As the phosphates of the alkali-earth metals, and 19& 
also aluminium phosphate, are only incompletely decom- 
posed by fusion with an alkali-metal carbonate, it is 
always advisable, in cases where alumina or alkaline 
earths are present and phosphoric acid has not yet been 
detected (compare 160), to dissolve a fresh sample of the 
substance in nitric acid, and test for phosphobic acid with 
molybdic acid solution (§ 172, 10). In the presence of 
silicic or arsenic acid, prepare a solution with hydro- 
chloric acid, separate the former by § 180, 3, the latter 
with hydrogen sulphide according to § 166, 3, filter, evapo- 
rate the filtrate almost to dryness, with addition of nitric 
acid, dilute with water containing nitric acid, and then 
test with molybdenum solution. 

4. If alkaliearth metals have been found in the exam- 
ination for bases, and fluorine has not yet been detected 
(160), a separate portion should be tested for fltjobdO!, 
by § 176, 6 or 6. 

6. That portion of the substance which has been 16ft 
treated as directed in 194 can be tested for sincuo acid, 
only in cases where the fusion has been effected in a 
platinum crucible. "When a porcelain crucible has been 
used, examine a separate portion by evaporating the hy- 
drochloric or nitric acid solution (§ 180, 3). 

6. Examine a separate portion of the substance for 
OXAHC AOID by boiling with sodium carbonate (see 198). 
Acidify the alkaline filtrate with acetic acid, and test with 
solution of calcium sulphate. If a white, pulverulent pre- 
cipitate is formed, this indicates oxalic acid. Confirm by 
taking a fresh portion of the substance, removing carbonic 
add, if necessary, by treating with dilute sulphuric add 
alone, and then testing according to § 176, 7. 


*Iu the presence of a metallic sulphide, a separate portion of It must ha 
examined for sulphuric add, by heating it with hydrochloric acid, filtering; 
diluting the filtrate, and adding barium chloride. 
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Complex Compormda. 

A. 2. SUBSTANOBS INSOLDBLE IN WaTEB, BUT SOLDBLB IN 
OHLOBic Acid, Niteio Acn>, ob Aqua Begia. 

Detection oe tee Acids. 

TT. In the Fresence of Organic Adda. 

§ 238. 

1. Oonduot the examination for INOBGANIC ACIDS accord- 197 

ing to § 237. 

2. Test for acbtio acid, using the original solution, or, 
if the case requires it, the distillate obtained after the 
addition of sulphuric acid, according to § 206, 7. (Com- 
pare also the foot-note under 191.) 

3. To a small portion of the substance in a watch- 
glass add a little dilute hydrochloric acid. If a residue 
remains, it should be tested for benzoic acid and SAU- 
OSUO ACID according to § 206. Any considerable quantity 
of these acids is most readily detected in this way, but 
a small quantity might completely dissolve. It is there- 
fore necessary to take these acids into consideration in 198. 

4. Boil a portion of the substance for a few min- 198 
utes with a large excess of sodium carbonate solution, 
adding some of the solid substance if the solution is not 
strong ; dilute, and fdter from the precipitate. All the 
organic acids are now in the filtrate as sodium salts. 
Evaporate the filtrate to concentrate it, acidify with 
hydrochloric acid, filter off any salicylic or benzoic acid 
that may separate in this case, drive off carbonic acid by 
moderate heating and repeated shaking, and proceed by 
185. If heavy metals or aluminium should have gone 
into the solution through the agency of organic acids, 
they should be removed according to the directions given 

at the beginning of § 220, before testing for the oi^^uiic 
acids. 
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Complex Compounds. 

B. SUBSTAKCES INSOLTJBLE OE SPAEINGLT SOLUBLE IN WaTEB, 

Hideoohlobio Acid, Nitbio Acid, and Aqua Eecia 
Detection of Tmit Bases, Acids, and non-metallio Elements. 

§ 239.* * * § 

To this class belong the following bodies : 189 . 

Baeium sulphate, steontium sulphate, and oaloium 
SULPHATE, t 

Lead sulphate 1: and LEAD CHLOEIDE.§ 

SiLTEE CHLOEiDE, hiher bromide, silver iodide, and 
silver cyanide.|l 

Silicic acid, and many silicates. 

Native and ignited alumina, and many alnminates. 
Ignited chromic oxide and oheomio ieon-oee (a conu 
pound of chromic oxide and ferrous oxide). 

Ignited and native stannic oxide (tin-stone). 

Some metaphosphates and some arsenates. 

Calcium fluoeide and a few other compounds of 
fluorine. 

SULPHUB. 

Gaebon. 

Of these compounds, those printed in small capitals 
are more frequently met with. To the silicates, a special 
chapter (§§ 241-245) is devoted. 

The substance is first subjected to the prelimin- 
ary experiments described below in or-e, unless the 
quantify at disposal is too small, in which case, pass 


* Compare the observatioDs in Section III; aod in relation to the cyanogen 
compounds insoluble in acids, see § 240. 

t Calcium sulphate passes partially into the solution effected by water, and 
often completely into that effected by acids. 

t Lead sulphate may pass completely into the solution effected by acids. 

§ Lend chloiide can only be found here if the precipitate insoluble in acids 
has not been thoroughly washed with hot water. 

I Bromide, iodide, and cyanide of silver are decomposed by boiling with 
aqua regia and converted into silver chloride; they can accordingly be found 
here only in cases where the operator has to deal with a substance which (aa 
aqua regia has failed to effect its solution) is examined directly by the method 
here described. 
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on at once to 205, bearing in mind, bowever, that the sub- 
stance must be assumed to contain all the bodies men- 
tioned. 

a. !Examine attentively the physical condition of 200 
the substance, to ascertain whether it is homogeneous 

or not, whether it is sandy or pulverulent, whether it 
has the same color throughout, or is made up of 
variously colored particles, etc. A microscope, or 
at least a lens, will be often found useful for this 
purpose. 

b. Heat a small sample in a glass tube sealed at 20% 
one end. If brown fumes arise, and sulphub sub- 
limes, this is, of course, a proof of the presence of 
that substance. 

c. If the substance is black, this indicates, in 202 
moat cases, the presence of caebon (charcoal, coal, 
bone-black, lamp-black, graphite, etc.). Heat a small 
sample on platinum foil with the blowpipe flame 
directed from below ; if the black substance is con- 
sumed, it consisted of oabbon in some form. Graph- 
ite (which may be readily recognized by its property 

of communicating its color to the fingers, to paper, 
etc.) requires the aid of oxygen and a strong red heat 
for complete combustion. 

d. Heat for some time a small sample with a small 202 
fragment of potassium cyanide and some water, filter, 
and test half of the filtrate by acidifying with nitric 
acid, and the other half with ammonium sulphide. 

If the former produces a white precipitate, while 
the latter (provided that the amount of potassium 
cyanide was not too large) gives a brownish-black 
precipitate, it is shown that the substance contains a 
siLVEE compound. 

e. If an undissolved residue has been left in d, 204 
wash this thoroughly with water, and if white, 
moisten it with ammonium sulphide ; if it turns 
black, LEAD SALTS are present. If, however, the resi- 
due left in d is black, heat it with a concentrated 
solution of slightly acid ammonium acetate,* filter, 

* This is prepared by mixing ainmoaia solution, without the addition of 
water, with acetic acid until the liquid has a slight acid reaction. 
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and test the filtrate for LEiD, bj means of sulphuric 
acid and with hydrogen sulphide.* 

The results obtained by these preliminary ex- 
periments serve as a guide in the following course : 

1. a. T iV.AT> SALTS AEE NOT PRESENT. PaSS OU to 206, 205 

h . T.tt.at) salts are present. Heat the substance 

with a concentrated, slightly acid solution of am- 
monium acetate* to about 70®, pour the solution 
through a filter, and repeat the operation until the 
lead salt is completely dissolved. Test a portion 
of the filtrate with barium chloride for stjlphtjrio 
ACID ; a second and third portion by the addition of 
sulphuric acid in excess, and by hydrogen sulphide, 
for T.PA-n ; and the remainder, after dilution with 20 
parts of water and adding nitric acid, with silver 
solution for chlorine. If ammonium acetate has 
left a residue, wash this, and treat it as directed 
in 206. 

2. a. Silver salts are not present. Pass on to 207. 206 
6. Silver salts are present. Digest the sub- 
stance, which was free from lead or has been freed 
from it by extraction with ammonium acetate, 
repeatedly with potassium cyanide and water, at a 
gentle heat (in presence of sulphur, in the cold), 
until all the silver salt is removed. If a residue is 
left, wash this, and proceed with it according to 207. 
After sufficient dilution, acidify the solution with 
nitric acid in the open air or under a good hood. 

The resulting precipitate is then filtered off. It must 
give metaXjIIO silver after washing and fusing with 
sodium carbonate in a cavity on charcoal (§ 135, 10). 
Whether the silver was originally combined with a 
halogen, and with which one of them, is deter- 
mined according to 214. Finally, test the liquid, 
filtered from the silver precipitate, with barium chlo- 
ride for sulphuric acid.t 

The presence of lead in silicates in lead glass) cannot be detected in 
this way. 

f The potassium carbonate usually present in potassium cyanide may baya 
occasioned a partial or complete decomposition of any alkali-earth metal sul- 
phates that were present. 
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3, a. SuLTHUR IS NOT PRESENT. Pass on to 208. 207 

6. Sulphur is present. Heat the substance, free 

from silver and lead, in a covered porcelain crucible 
until all the sulphur is expelled, and if a residue is 
left, treat this according to 208. 

4. Mix the substance, free from silver, lead, and sul- 208 
phur, with 2 parts of sodium carbonate, 2 parts of potas- 
sium carbonate, and 1 part of potassium nitrate,* heat in 

a platinum crucible until the mass is in a state of calm 
fusion, and place the red-hot crucible on a thick, cold iron 
plate to cool. It will thus generally be possible to re- 
move the fused mass from the crucible in a cake. If 
this does not succeed, heat the crucible again until 
the edges of the cake begin to melt. After complete 
cooling, put enough water into the crucible so that 
the cake is well covered, and warm a little with a 
flame held underneath. The cake is then loosened 
at once, if the crucible has no bruises (Stooehann). 
Place the mass, or, if necessary, the crucible with its con- 
tents, in a beaker, soak the cake with water, apply heat, 
filter off the residue usually remaining, and wash it until 
the water running through no longer gives a precipitate 
with barium chloride. (Only the first washings are col- 
lected with the filtrate.) 

a. The sdvitim 80 obtained contahiBiiheskiA^d&wbioh 209 
were present in the substance decomposed by fusing. 

But, besides these acids, it may also contain such 
bases as are soluble in caustic alkalies. Proceed as 
follows : 

a. Test a small portion, after acidifying with 
hydrochloric acid, for sulphuric aged by means of 
barium chloride. 

fi. Test another portion, after acidifying with 
nitric acid, with molybdio acid solution for phos- 


* Additioii of potassium nitrate is useful even in the case of white pow- 
ders, as it counteracts the injuxious action of lead silicate (should any be pres- 
ent) upon the platinum crucible. In the case of black powders, the proportion 
of potassium nitrate must be correspondingly increased, in order that carbon, 
if present, may be consumed as completely as possible, and that any chromite 
present may be more thoroughly decomposed. 
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PHOBIC and arsenic acids (§ 172, 10 and § 156, 9). 

If a yellow precipitate is obtained, any arsenic 
acid is detected and removed in another portion 
of the solution, after making it acid with sulphuric 
acid and evaporating on the water-bath to a small 
volume, by means of hydrogen sulphide, and the 
filtrate is then tested again for phosphoric acid. 
y. Test another portion for fluorine (§ 176, 7), 
d. If the solution is yellow, ohromio Aom is 
present. To confirm, acidify a portion of the solu- 
tion with acetic acid, and test with lead acetate. 

6, Acidify the remainder with hydrochloric acid, 210> 
evaporate to dryness, and treat the residue with 
hydrochloric acid and water. If a residue is left 
which refuses to dissolve even in boiling water, 
this consists of smcic aged. Test the hydrochloric 
acid solution now in the usual way for those 
bases which, being soluble in caustic alkalies, may 
be present here, especially for stannic oxide and 
alumina. 

ft. Dissolve the residue usually left in 208 in hydro- 21t 
chloric acid (effervescence indicates the presence of 
alkali-earth metals, and a residue insoluble in hydro- 
chloric acid is to be examined according to 213), and 
test the solution for the bases as directed in § 226. If 
much silicic acid has been found in 210, it is advis- 
able to evaporate the solution of the residue to dry- 
ness, and to treat with hydrochloric acid and water, 
in order that the silicic acid remaining in the residue 
may also be removed as completely as possible. In 
relation to the alkalies that may be present in sili- 
cates, see 212. 

6. If it has been found in 4 that the substance insoluble 212 
in acids contains a silicate, treat a separate portion of it 
according to 228, to ascertain whether this silicate con- 
tains alkalies or not. 

6. If a residue is still left undissolved upon treating 21& 
the residue obtained in 208 with hydrochloric acid (211), 
this may consist either of silicic acid which has separated, 
or of an undecomposed portion of barium sulphate, or 
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possibly stannic oxide remaining undissolved ; or it may 
be calcium fluoride and, if it is dark-colored, chrom- 
ite, as the last two compounds are only with diffi- 
culty decomposed by the method given in 208. Atten- 
tion should, therefore, be called to the fact that stannic 
oxide may always be detected by § 153, 11, and that cal- 
cium fluoride may be easily decomposed by sulphuric 
acid (§ 176, 5). The decomposition of chromite is 
easily accomplished by heating the fine powder to 
fusion with an equal amount of sodium peroxide, or 
also by mixing it with about 8 parts by weight of a 
mixture of 1 part of potassium chlorate and 3 parts 
of soda-lime, and exposing the mixture to a bright red 
heat for 1^ hours in a covered platinum crucible. In 
both cases, the mass contains the chromium as an alkali- 
metal chromate, which may be extracted with water. If 
stannic oxide was in the residue with chromite, it would 
be obtained in the above operations partly as an 
alkali-metal stannate in the aqueous solution of the 
fusion, and upon treating the insoluble residue from 
this with hydrochloric acid, partly as stannic chloride in 
the acid solution. 

7. If the residue insoluble in acids contained silver 214 
(208,5), an attempt should be made to obtain information as 
to whether that metal was present in the original substance 
as an insoluble compound, and if so, in what combination 
it existed, or whether it was converted into silver chloride, 
bromide, iodide, or cyanide, in the operation of treating the 
substance with solvents. This attempt may fail, how- 
ever, for, under certain circumstances, the question is 
scarcely to be decided by a mere qualitative analysis. 

This is easily understood if it is considered that, for 
example, when a mixture containing silver chloride and 
potassium iodide is treated with water, silver iodide and 
potassium chloride are obtained, and that mercuric iodide 
and silver nitrate yield mercuric nitrate and silver iodide 
when acted upon by water, etc. 

In order to obtain this information as far as possible, 
extract the original substance with boiling water, then 
^th dilute nitric acid, wash the undissolved residue with 
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water, and, in the first place, test a small sample of it for 
silver according to 203, If silver is present proceed to 
ascertain the acid radical with which the metal is corn- 
bined. This may be effected by treating the rest of the resi* 
dne with finely granulated zinc and water, with addition of 
some dilute sulphuric acid, with frequent shaking, and 
filtering after a few hours. The filtrate may now be tested 
directly for chlorine, bromine, iodine, and cyanogen ; or 
the zinc may first be thrown down with sodium carbon* 
ate, in order to obtain the acid radicals in oombinatioii 
with sodium. 
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X Speoial method fob the Decomposition op Otanidbs, Fbb- 

BOOTA2HDES, ETC., INSOLTIBLE IN WaTEE, AND ALSO OF MtXEP 

Substances, insoluble in Wateb, ooNTAiNiNa such Com- 
POUNDS.* 


§ 240 . 

The analysis of cyanogen compounds insoluble in 21& 
water, especially ferrooyanides, etc., by the common 
method is often attended by the manifestation of such 
anomalous reactions that the analyst is easily misled. 
Moreoyer, acids often fail to effect the complete solution 
of these compounds. For these reasons, it is advisable 
to analyze them, and mixtures containing them, f by the 
following special method : 

1. Boil the residue which has been freed from all 
soluble substances by treatment with water, with strong 
potassium or sodium hydroxide solution, and after a few 
minutes’ ebullition, add some sodium carbonate; boil 
again for some time, dilute with water, and filter, in case 
there is a residue, and wash the latter. 


* Before making analyses according to this course, the operator should 
make himself familiar with the explanations in Section III which refer to this 
paragraph. 

f Whether insoluble cyanogen or ferro- and f erricyanogen compounds, etc., 
are present or not is usually determined in the preliminary examination, from 
the fact that when ignited in the closed tube they give off cyanogen (but 
sometimes, however, they give off nitrogen only), and, if water is present, hy- 
drocyanic acid and ammonia also, a residue of the metal mixed or combined 
with carbon being left behind. The insoluble ferro- and ferricyanides when 
boiled with hydrochloric add yield decomposition products which are usually 
blue or green. 
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а. The residue^ which is now free from cyanogen, 
unless the substance contains silver cyanide, is 
examined by the usual method, beginning at 37. 

б. The solution, which, if combinations of com- 216 
pound cyanogen radicals (ferrocyanogen cobalticy- 
anogeu, etc.) are present, contains these combined 
with alkali metals, may also contain other acids, 
which have been separated from their bases by boil- 
ing with sodium carbonate, and lastly, also, such 
hydroxides as are soluble in caustic alkalies. Treat 

it as follows : 

a. Carefully mix a portion of the alkaline liquid 
with hydrogen sulphide water.* 

eta. No permanent precipitate is formed : ab- 
sence of zinc and lead and also of other metals of 
the fourth and fifth groups (which might possibly 
have gone into the alkaline solution through 
the agency of organic matters), with the excep- 
tion of mercury, whose sulphide may remain in 
solution in the sodium sulphide which is formed. 

Pass on to 217. 

66. A perTmnmt precipitate is formed. Add 
to a larger portion of the alkaline liquid (216) 
sodium sulphide, drop by drop, as long as it 
produces a precipitate, but avoid as far as possi- 
ble any considerable excess. Heat moderately, 
filter, and treat the filtrate according to 217. 

Heat the washed precipitate with dilute nitric 
acid, which may leave mercuric sulphide and lead 
sulphate behind, and examine the solution for 
the metals of the fifth and fourth groups accord- 
ing to the usual course. If an insoluble residue 
remains after heating with nitric acid, it is to be 
tested for mercuric sulphide and lead sulphate 
according to 133. 

•Adding Bolutlon of hydrogen sulphide, or conducting the gas into the 
fluid, until the mixture smells of the reagent {i s., until the sodium or potas- 
sium hydroxide has been converted into an alksli-metal hydrosulphide) 
must, of course, be avoided, since this might lead to the precipitatloa of the 
alumina which may he present in the alkaline solution, and even of sulphides 
of metals of the sixth group ; precipitations which are not intended here. 
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/3, Mix a small portion of the alkaline liquid 217 
in which hydrogen sulphide has given no precipi- 
tate, or of that from which the precipitate produced 
by sodium sulphide has been filtered, with dilute 
sulphuric acid just to distinct acid reaction, and add 
hydrogen sulphide in case the liquid does not 
smell of this substance, or does not smell strongly 
of it 

aa. No precipitate is formed^ with the exeepiicm 
of suLphur which may possibly separate : absence 
of the metals of the sixth group, and also of 
mercury in this solution. Pass on to 218. 

66. A precipitate is formed. Proceed with a 
larger portion of the liquid mentioned in 217 aa 
with the small portion, filter off the resulting 
precipitate, wash it, and then examine it for mer- 
cury and the metals of the sixth group according 
to § 227. Examine the filtrate according to 218. 
y. The liquid in which sulphides could not be 218 
precipitated either in the alkaline or acid solution, 
or that from which such have been precipitated, is 
still to be examined for those metals which form 
compound cyanogen radicals (iron, cobalt, manga- 
nese, chromium), and, besides these, for aluminium. 

It must also be tested for cj^anogen, ferrocyan- 
ogen, cobalticyanogen, etc., and for other acids. 
Proceed, therefore, as follows : 

aa. Use small samples of it for testing for 
acids according to § 235, or, if the case requires it, 

§ 236. If the liquid was already acidified with 
sulphuric acid, the testing for acids must be 
made promptly ; otherwise any hydroferrocy- 
anic or hydroferricyanio acids present may de- 
compose. To begin, test the acidified liquid 
with ferric chloride for ferrocyanogen* and with 
ferrous sulphate for ferrioyanogen*. If the fluid 

* It is to be lemembered in this coDnection that ferricyanogeD originally 
fpresenl may he converted Into ferrocyanogen, not only by hydrogen sulphide, 
4)ut also by bases, etc., ^'hich are capable of higher oxidation, ap., K«Fe« 
<aN)„ + 3KOH + 2FeO = 2 K 4 Fe(CN). + Fe,0. + H.O. 
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contains hydrogen sulphide, the latter test is 
of course omitted here, because hydroferricyanio 
acid is converted by hydrogen sulphide into hy- 
droferrocyanic acid, and in this case, it is advis- 
able, 'before testing for other acids, to free the 
solution as far as possible from hydrogen sul- 
phide by passing a rapid stream of air through 
it. Gobalticyanogen may be recognized by giv- 
ing a greenish precipitate with nickel salts and 
white precipitates with zinc and manganese salts, 
which may be proved to contain cobalt by means 
of the borax bead. 

hb. Evaporate almost to dryness another 
sample of the liquid mentioned in 218, after acidi- 
fying it with dilute sulphuric acid, then add pure 
concentrated sulphuric acid, and heat under a 
good hood until the greater part of the free sul- 
phuric acid has escaped. Dissolve the residue 
in water and test the solution for iron, manga- 
nese, cobalt, chromium, and aluminium, accord- 
ing to § 230. 

d. Test other portions of the liquid mentioned 219' 
in 216 (in case it was necessary to precipitate sul- 
phides from it, and testing for sulphuric acid and 
ferricyanogen was consequently impossible in 218, 
flo) for sulphuric acid, after the addition of hydro- 
chloric acid, or, if required, nitric acid, with barium 
chloride or barium nitrate, as the case may be, 
and for ferricyanogen * by means of ferrous sul- 
phate, with the subsequent addition of hydrochloric 
acid. 

2. Decompose another portion of the original sub- 
stance by continued heating with pure concentrated sul- 
phuric acid, and test the residue, after removing all other 
bases, for the alkali metals. 


* CompaTe the foot-note under 81 $, oa. 
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II. Analysis of Silicates. 


§ 241. 

Whether the substance is a silicate or contains one is 220 
ascertained by the preliminary blowpipe examination 
with sodium metaphosphate (20). 

The analysis of silicates really differs from the usual 
course only in regard to the preparatory treatment re- 
quired to separate the silicic acid from the bases, and to 
obtain the latter in solution. 

The simple and double silicates are divided into two 
classes, which must be sharply distinguished here, be- 
cause they require different methods of analysis, viz., (1) 
silicates readily decomposable by acids (hydrochloric^ 
nitric, and sulphuric acids), and (2) silicates which are 
not, or only with difficulty, decomposed by acids. Many 
rocks consist of mixtures of the two classes. 

To ascertain to which class a given silicate belongs, 
reduce it to a very fine powder, and digest a portion with 
hydrochloric acid at a temperature near the boiling-point. 

If this fails to decompose it, test another portion by long- 
continued heating with a mixture of 3 parts of concen- 
trated sulphuric acid and 1 part of water. If this also 
fails, the silicate belongs to the second class. Whether 
decomposition has been effected by the acid may be 
generally learned from external indications, as a col- 
ored solution forms almost invariably, and the separated 
gelatinous, flocculent, or finely pulverulent silicic acid 
takes the place of the original heavy powder, which usually 
grated under the glass rod with which it was stirred. But 
whether the decomposition is complete, or extends only 
to one of the components of the rock, may be ascertained 
by boiling the separated silicic acid, after washing, in a 
solution of sodium carbonate. If perfect solution ensues, 
complete decomposition has been effected; if not, the 
decomposition is only partial. The results of these pre- 
liminary tests win show whether the silicate should be 
examined according to § 242, § 243, or § 244. 

Before proceeding further, examine a portion of the 
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substance also for water, by heating it in a perfectly dry 
glass tube. If the substance contains hygroscopic mois- 
ture, it must first be dried at 100° for a long time. Apply 
a gentle heat at first, but ultimately an intense heat, by 
means of a gas lamp provided with a chimney, or with the 
blowpipe. A preliminary examination for fluorine may 
be also conveniently combined with this (§ 176, 8). 

A. SUiiOATES Decomposable by Acids. 

§ 242. 

a. SUicates decomposahh hy hydrocMoric or nitric add.^ 

1. Mix the finely pulverized silicate with a little water 221 
to a uniform paste, then add moderately concentrated 
hydrochloric acid (or nitric acid), and digest at a tempera- 
ture near the boiling-point until complete decomposition 
is effected. Filter off a small portion of the liquid,t evap- 
orate the remainder to dryness, together with the silicic 
acid suspended therein, heat the residue at a temper- 
ature but little if at all above 100°, with constant stirring, 
until, hardly any more acid vapors escape, allow it to cool, 
moisten with hydrochloric acid, or, as the case may be, 
with nitric acid ; afterwards add a little water, and heat 
gently for some time. 

This operation effects the separation of the snioio Aom, 
and the solution of the bases in the form of chlorides or 
nitrates. Filter, wash the residue thoroughly, and ex- 
amine the solution by the usual method, beginning at 
§ 225, II or ni. The residual silicic acid must always be 
tested, as it cannot under any circumstances be consid- 
ered pure. It frequently contains titanic acid, occasion- 
ally barium sulphate, possibly strontium sulphate, and 
often a little alumina. It is best tested by repeated 
heating in a platinum dish with hydrofluoric and sul- 
phuric acids, until all the silicic acid is removed in 
form of silicon fluoride. The residue is finally ignited, 

* Nitric add would be preferred to hydrochloric add, if silver or lead com- 
pounds were present. 

+ Any arsenious add present would volatilize by evaporation with hydro- 
chloric add. 
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fused with potassium disulphate, and then treated with 
cold water. If anything insoluble now remains, it is fil- 
tered off and tested according to § 104, for baeium (and 
strontium) sulphate. The dilute aqueous solution is 
tested by long boiling for titanium, * (§ 118) and the 
clear liquid or the filtrate from the resulting precipitate 
is tested with ammonia for aluminium. (If there is a possi- 
bility that silver chloride may have separated with the 
silicic acid, digest a part of the latter with ammonia, fil- 
ter, and test the filtrate by making it acid with nitric acid.) 

2. As in silicates, and more particularly in those decom- 222 
posed by hydrochloric acid, there are often found other 
acids or acid-forming elements, the following instructions 
must be attended to, that none of these substances may 
be overlooked : 

a. Carbonates are detected in treating with hydro- 
chloric acid. Sulphides are often detected in the 
same operation ; otherwise they may be tested for 
according to § 187, 8 or 9. 

If the separated silicic acid is black, and turns 
white upon ignition in the air, this indicates the pres- 
ence of CARBON or of ORGANIC SUBSTANCES. In presence 
of the latter, the silicates emit an empjTeumatic odor 
upon being heated in the glass tube. 

y. Test the portion of the hydrochloric acid solu- 
tion filtered off before evaporating, for sulphuric acid, 

PHOSPHORIC ACID, AESENIOUS ACID, and ARSENIC ACID ; for 
sulphuric acid by diluting and adding barium chlo- 
ride ; for acids of arsenic by passing in hydrogen sul- 
phide, first in the cold, then at 70® (§ 167, 12) ; for 

* If the silicic acid has been separated by evaporation on the water-bath, 
only a part of the titanic acid will be found remaining with it ; the rest (often 
the greater part) will pass into the hydrochloric acid solution, and will be pre- 
cipitated by ammonia together with aluminium and ferric hydroxides. To 
find this part, fuse the dried precipitate with potassium disulphate, dissolve the 
fusion in cold water, filter if necessary, dilute largely, pass in hydrogen sulphide 
until all the iron is reduced to the ferrous state, and (without filtering off the 
sulphur) keep the fluid boiling for an hour with a constant current of car- 
bonic add passing through it. Filter, wash, and ignite ; the sulphur will bum 
-off, and titanic oxide will remain. Should it still contain iron, redissolve it by 
fusion with potassium disulphate and treatment with cold water, and precipi- 
itate by boiling with sodium thiosulphate- 
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phosphoric acid by adding nitric acid, evaporating 
to dryness on the water-bath, warming the residue 
with nitric acid, filtering, and adding molybdic acid 
solution. Where arsenic is found, phosphoric acid 
is tested for in the fluid Altered from the sulphide of 
arsenic. 

S, Boric Aom is best detected by fusing a portion 383: 
of the substance in a platinum spoon with potassium- 
sodium carbonate, boiling the fused mass with water, 
and testing the solution by § 174, 5. 

€. With many silicates, boiling with water is suffi- 
cient to dissolve the chlorides present, which may 
then be readily detected in the filtrate by silver 
nitrate. The safest way, however, is to dissolve the 
mineral in dilute nitric acid, and test the solution 
with silver nitrate. 

C. Fluorides, which often occur in silicates in 
greater or smaller proportion, may be detected by 
§ 176, 6. 

3. If the silicate contains iron, as is generally the case, 224: 
it is still to be determined whether this exists in the fer- 
rous or ferric state, or in both states of oxidation. For 
this purpose heat a sample of the finely pulverized sub- 
stance, as far as possible with exclusion of air, with 
moderately concentrated hydrochloric acid, dilute, filter, 
and test with potassium ferricyanide and with potassium 
sulphocyanide (§ 126, 8, and § 127, 8). 

5. Silicates which resist the action of hydrocJdoric add, 
but are decomposed by concentrated sidphuric add. 

Heat the very ^ely pulverized mineral with a mix- 22& 
ture of 3 parts of pure concentrated sulphuric acid and 
1 part of water (best in a platinum dish), finally drive off 
the greater part of the acid, boil the residue with hydro- 
chloric acid, dilute, filter, and treat the filtrate as directed 
in § 226, and the residue (which, besides the separated 
silicic acid, may contain also sulphates of the alkali-earth 
metals, etc.) as directed in § 242, 1, for the residue insol- 
uble in acids. If it is wished to examine silicates of this 
class for acids and acid radicals, treat a separate portion 
of the substance according to § 243. 
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B. SmOATES WHICH ABE NOT DECOMPOSED BT AdDS.* 

§243. 

As the silicates of this class are most conyenientlj de- 226 
composed by fusion with sodium-potassium carbonate, 
the portion so treated cannot, of course, be examined for 
alkali metals. The analytical process is therefore divided 
into two principal parts, a portion of the mineral being 
examined for the silicic acid and the bases, with the ex- 
ception of the alkalies, while another portion is specially 
examined for the latter. The mineral must be examined 
for other acids by some further experiments. 

1. Detection of the silicic acid and aU the hases^ with the 
exception of the alkalies. 

Reduce the mineral to a very fine powder, mix this 227 
with 4 parts of sodium-potassium carbonate, and heat 
the mixture in a platinum crucible by means of a gas- 
lamp or a Bebzetjus alcohol-lamp until the mass is in a 
state of calm fusion. Place the red-hot crucible on a 
thick, cold iron plate, and let it cool there, or treat it, if 
necessary, according to 208, in order to remove the fused 
cake from the crucible. If this succeeds, break the mass to 
pieces, and keep a portion for the examination for acids. 

Put the remainder, or, if the mass still adheres to the 
crucible, the latter with its contents into a porcelain dish, 
pour on water, warm for some time until the mass is dis- 
integrated, add hydrochloric acid, and warm until the 
mass is dissolved, with the exception of some silicic acid 
which separates in flocks. Remove the crucible from 
the dish if necessary, evaporate to dryness, and treat the 
residue exactly as directed in 221. 

2. Detection of the aUkcdies. 

To effect this, the silicate must be decomposed by 228 
means of a substance free from alkalies. The following 
methods are the most suitable : 

* It will be understood, from what has been stated in § 241, that these are 
•not decomposed by heating with hydrochloric and sulphuric acids in open 
vessels ; but by heating them, redact to aflne powder, in a sealed glass tube^ 
with a mixture of 8 parts of concentrated snlphuiic acid and 1 part of water, 
orwithhydrochloricacid, to200*-210% most of them are decomposed, and may 
•accordingly be analyzed also in this manner (Al* Mitsoubblich). 
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а. Decomposition by aqtjeous hydrofluoric acid. 

Mix the finely pulverized substance with water in a 
platinum dish to a thin paste, add hydrochloric acid 
and h 3 '’drofluoric acid, and heat (in the open air, 
using care that the escaping vapors are neither 
breathed nor come in contact with the hands) until 
the silicate has dissolved ; then add dilute sul- 
phuric acid and evaporate until the hydrochloric 
acid, the hydrofluosilicic acid, and the hydrofluoric 
acid have completely escaped, and until only a 
small part of the sulphuric acid still remains. After 
cooling, dilute with water, heat to boiling, add barium 
chloride in slight excess, then milk of lime to alka- 
line reaction. After heating to boiling again, Alter, 
mix with ammonium carbonate and some ammonia 
as long as a precipitate is formed, filter after an hour, 
and proceed to test for potassium and sodium accord- 
ing to 168, A and to test for lithium, caesium, and 
rubidium, according to p. 146. 

б. Decomposition with a fluoride. Mix 1 part of 
the finely powdered substance with 5 parts of barium 
fluoride or of pure, flnely powdered fluor-spar, or 
with 3 parts of ammonium fluoride, and then (in a 
platinum crucible) with enough concentrated sul- 
phuric acid to form a thick paste, warm gently for 
some time (w’here the fumes will pass off in a good 
draught), and finally heat more strongly until nearly 
all the excess of sulphuric acid is expelled. Boil 
the residue with water, cautiously add barium chlo- 
ride as long as it produces a precipitate, then milk of 
lime, etc., and proceed exactly as in a. 

c. Decomposition by means of barium carbonate 229^ 
AND chloride. Mix 1 part of the very finely tritu- 
rated powder with 3 or 4 parts of barium carbonate 
and 2 parts of barium chloride, heat the mixture as 
strongly as possible in a platinum crucible for half 
an hour, soften the mass with water, boil with the 
addition of a small amount of milk of lime, filter, pre- 
cipitate with ammonium carbonate and ammonia, 
and proceed for the remainder of the process as in a. 
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[d. Decomposition by means of calcium carbonate 
and ammonium chloride. Mix 1 part of the pulver- 
ized substance with 1 part of powdered ammonium 
chloride and 8 parts of precipitated calcium carbon- 
ate. Expose the mixture to a moderate red heat in 
a covered platinum crucible for 30 or 40 minutes. 
Treat the cake (which should be in a coherent con- 
dition, but should not be fused) with water, and boil 
until the mass falls to powder, filter, precipitate 
with ammonium carbonate and ammonia, and proceed 
as in a.] 

3. Examination for fluorim^ chlorine^ horic acid^ phos- 
phoric add, arsmiovs add, arsenic add, and sidphuric acid. 

For this purpose, use the portion of the fused mass 230 
reserved in 227, or, if necessary, fuse a separate portion 
of the finely pulverized substance with 4 parts of pure 
sodium-potassium carbonate until efTervescence ceases, 
boil the mass with water, filter the solution, which con- 
tains all the fluorine as sodium or potassium fluoride, 
all the chlorine as sodium or potassium chloride, all the 
boric acid as borate, all the sulphuric acid as sulphate, 
all the arsenic and arsenious acid as arsenate and arsen- 
ite, and at least a part of the phosphoric acid as phos- 
phate of sodium or potassium, and treat as follows : 

a. Acidify a small portion with nitric acid, and 
test for OHLORINE with silver nitrate. 

&. ‘Test another portion for borio aged, as directed 
in §174, 6. 

c. To detect fluorine, treat a third portion as 
directed in § 176, 7. 

d. Acidify the remainder with hydrochloric acid, 
and test a small portion with barium chloride for 
SULPHURIC ACID ; test all the rest with hydrogen sul- 
phide, first cold, then at 70®, for arsenic (§ 167, 12). 

If no precipitate forms, evaporate the fluid (but if a 
precipitate forms, the filtrate) with addition of nitric 
acid, to dryness, treat the residue with nitric acid 
and water, .and examine the solution for phosphoric 
AOID with solution of ammonium molybdate in nitric 
acid (§172, 10). 
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C. RTt.T OATli!8 ’WHIOH ABE PABTTATXY DECOMPOSED BY AOIDS. 

§244. 

Most rocks are mixtures of several silicates, of which 231 
some are often decomposable by acids, while others are 
not. If such substances were analyzed by the same 
method as the absolutely insoluble silicates, the analyst 
would doubtless detect all the elements present, but the 
analysis would afford no satisfactory insight into the 
actual composition of the rock. 

It is therefore advisable to examine separately those 
constituents which show a different deportment with 
acids. For this purpose, digest the very finely pulver- 
ized substance for some time with hydrochloric acid at a 
gentle heat, filter off a small portion of the solution, 
evaporate the remainder with the residue to dryness, 
heat the residue at 100° or scarcely above, with stirring, 
until no more or very little acid vapor is evolved, allow it 
to cool, moisten with hydrochloric acid, heat with water, 
and filter. 

The filtrate contains the bases of that part of the 
mixed mineral which has been decomposed by hydro- 
chloric acid, and this is to be examined as directed in 
321. Examine the portion first filtered off as directed in 
222, y. Test portions of the original substance for other 
acids as directed in 222, a and /3, and 223 ; and by 224 
for the state of oxidation in which any iron found is 
present. Soil the residue (which, besides the 
acid separated from the decomposed portion of the aili- 
cate, contains that part of the mixture which has re- 
sisted the action of hydrochloric acid) with an excess of 
solution of sodium carbonate, filter hot, and wash, first 
with hot solution of sodium carbonate, and, finally, thor- 
oughly with boiling water. Treat the residuary, unde- 
composed part of the rock, thus freed from the 
separated silicic acid, according to §243. Acidify the 
alkaline filtrate with hydrochloric add, evaporate to 
dryness, treat with hydrochloric acid and water, filter 
off the silicic acid, render the filtrate alkaline with am- 
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monia, and warm ; the precipitate thus formed (if any) is 
•to be treated with the separated silicic acid according to 
221, in order to detect titanic acid. In cases where it is 
of no interest to effect the separation of the silicic acid 
of the part decomposed by acids, the troublesome treat- 
ment with sodium carbonate may be omitted, and the 
decomposition of the residue at once taken up. 

nL Analysis or Natural Waters. 

§245. 

In the examination of natural waters, the analytical 232 
process is simplified by the circumstance that we know 
Irom experience what substances are usually present. 
Now, although a quantitative analysis alone can prop- 
•erly inform us of the true character of a water, since the 
•differences between waters are principally caused by the 
different proportions of the constituents, still a qualita- 
tive analysis may render very good service, especially if 
the analyst notes whether a reagent produces a faint or 
a distinctly marked turbidity, a slight or a copious pre- 
•cipitate; for these circumstances will enable him to 
make an approximate estimate of the relative propor- 
tions of the constituents. 

The analysis of ordinary drinking-waters (water from 
wells, springs, small streams, rivers, etc.) is separated 
here from that of mineral waters (in which we may 
also include sea-water) ; for although no well-defined line 
can be drawn between the two classes, yet the analyti- 
cal examination of the former is necessarily by far the 
simpler, as the number of substances to be looked for is 
much more limited. 

A. Analysis of Oedinaey Potable Waters (SpRiNG-WATm 
Well-water, Biveb-watee, bto. 

§246. 

We know from experience that the substances to be 288 
•considered in the analysis of such waters are the follow- 
iBg : 

a. Metals : potassium, sodium, ammonium, cal- 
cium, magnesium, iron. 
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h. Acids, etc.: sulphuric acid, phosphoric acid, 
silicic acid, carbonic acid, nitric acid, nitrous acid, 
chlorine. 

c. Organic Matters- 

d. Mechanically suspended substances : clay, etc. 

Notable waters actually contain other constituents 

besides those enumerated here, as may be inferred from 
the origin and formation of springs, etc., and as has, 
moreoTer, been fully established by the results of analyt* 
ical investigations;* but the quantity of such constitu- 
ents is so trifling that they commonly escape detection 
where a few liters, and not hundreds of liters, of the 
water are subjected to the analytical process. The mode 
of their detection is therefore omitted here, and I refer in 
connection with it, and also in regard to the oxygen and 
nitrogen (which never fail to be present in fresh waters) to 
my Introduction to Quantitative Chemical Analysis.** 

1. The Water under Investigation is Clear. 

1. Boil 1,000 to 2,000 g of the carefully collected 284- 
water in a genuine porcelain dish to one half. (Glass 
vessels are not to be recommended, as boiling water at- 
tacks them much m ore than those of porcelain. ) This gener- 
ally produces a precipitate. Pass the liquid through a per- 
fectly clean filter (free from iron and lime) in such a way 
that the precipitate remains in the dish as far as possible, 
then, after having removed the filtrate, wash the precipi- 
tate well with small amounts of water, and examine both 
as follows : 

a. Msamimtiori of tJie precipitate. 

This contains those constituents of the water 235 
which were kept in solution through the agency 
of free carbonic acid, or, as the case may be, in the 

* Cbatxk (Journ. de Pharm. et de Chim. (8), 27, 418) found iodine in aU 
ftob-water plants, but not in land plants, a proof that the water of rivers, 
Brooks, pouds, etc., contains traces, even though extremely minute, of metal- 

lic iodides. According to Mabohanp (Comp. Rend., 31, 496), all natural 
waters contain iodine, bromine, and lithium. Van Akktuc has demonstrated 
the presence of iodine in almost all the potahle waters of Holland. Further, it 
may be affirmed with the same certainty that all, or at all events most, natural, 
waters contain compounds of strontium, barium, fluorine, etc. 
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form of bicarbonates, -viz., calcium carbonate, mag- 
nesium carbonate, ferric hydroxide (which precipi- 
tates upon boiling a solution containing ferrous 
bicarbonate, as do also ferric silicate, and, in presence 
of phosphoric acid, ferric phosphate) ; calcium phos- 
phate; also silicic acid,and sometimes calcium sulphate 
(if that substance is present in large proportion). 

Now pour a small amount of hot hydrochloric 
acid diluted with about three parts of water upon the 
precipitate on the filter, the point of which has been 
perforated by means of a platinum wire, and allow 
the resulting solution to flow into the dish which 
contains the gi^eater part of the precipitate produced 
by boiling. An effervescence is usually observed in 
tMs operation, caused by the escape of carbon diox- 
ide. Heat the dish somewhat, and proceed with the 
solution, which is often not quite clear, as follows : 

a. To a portion add potassium sulphocyanide, 238 
to test for IRON.^ 

Evaporate the whole of the remainder in a 
small porcelain dish to dryness upon the water- 
bath, moisten the residue with hydrochloric acid, 
warm, add water, and filter off the snjcio Aom 
remaining undissolved. Evaporate a portion of 
the filtrate with nitric acid to a small volume, and 
test with molybdic acid solution for phosphoric 
AGED (§ 172, 10), Test another portion for sulphuric 
ACID, with barium chloride. To the remainder add 
ammonia until it is in excess, filter if necessary, 
mix the filtrate with ammonium oxalate in some 
excess, and allow it to stand for some time iii a warm 
place. White precipitate ; calcium (carbonate, or 
also sulphate if sulphuric acid has been found in 
the hydrochloric acid solution of the precipitate 


* That the test for iron may be decisive, it is necessary to be sure of the fact 
that the water has suffered no contamination from dust or anything of the kind 
during the evaporation. The safest plan is to evaporate to a small Tolume 
a separate portion of the water in a retort or flask, with the addition of a 
few drops of hydrochloric acid and a drop of nitric acid, and after cooling to 
test this with potassium sulphocyanide. 
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produced by boiling the water). Filter, mix the 
filtrate with more ammonia, add some sodium 
ammonium phosphate, stir gently with a glass rod, 
and let it stand for 12 hours. White, crystalline 
precipitate, which is sometimes to be seen attached 
to the glass, only after pouring oflf the liquid, mao- 
MEsniBi (carbonate).* 
b. Examination of the filtraie. 

а. Mix a portion with a little hydrochloric 887 
acid and barium chloride. A white precipitate, 
which makes its appearance at once, or perhaps 
only after standing some time in a warm place, 
indicates sulphubic aced. 

/?. Mix a portion with nitric acid and add silver 
nitrate. A white precipitate or turbidity indicates 
OHLOBINE. 

y. Test a portion for phosphoric AOm by evap- 
orating with nitric acid and adding molybdic acid 
solution to the nitric acid solution of the residue 
(§172,10). 

б. Evaporate a larger portion until highly con- 2S8 
centrated, and test the reaction of the fluid. If it 

is alkaline, if a drop of the concentrated clear so- 
lution effervesces when mixed on a watch-glass with 
a drop of acid, and if calcium carbonate precipi- 
tates on the cautious addition of calcium chloride 
to the alkaline fluid, then a carbonate of an alkatj 
MEffAli is present. Evaporate the fluid to per- 
fect dryness, boil the residue with alcohol, fil- 
ter, evaporate the solution to dryness, dissolve 
the residue in a little water, and test the solution 
for nitric aoid,+ as directed in § 193, 7, 8, 9, 
or 10. 

* Very small amounts of magnesium are detected with more certainity if, 
before testing for it, the ammonium salts are volatilized, the residue dissolved 
in dilute hydrochloric acid, the solution mixed with ammonia, and sodium- 
ammonium phosphate is added. 

f This somewhat long hut exact process is frequently not necessary. The 
nitric add is detected instead, without trouble, by diie^y testing the water, 
evaporated to a small volume. Well-waters often give the nitric acid reaction 
with diphenylamine or with brucine (§ 198, 10 and 8), without previous 
concentration. 
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6. Evaporate all the rest of the liquid, with the 239 
addition of some hydrochloric acid, at last upon 
the water-bath, to dryness, moisten the residue 
with hydrochloric acid, warm, add water, filter off 
any suucic ACn> remaining, make alkaline with 
ammonia, add ammonium oxalate, and let the liquid 
stand in a warm place for some time. A precipitate 
shows OALCiuN. Pilter this off, and test 

oa. A small portion with ammonia and 
sodium ammonium phosphate fox kagnesium. 

hb. Evaporate the rest to dryness, ignite, 
separate any magnesium that may be present 
(168, >9) and test according to 169 to 172 for 
POTASSIUM and sodium. 

2. In order to test for ammonia,* add to a fresh pox- 240 
tion of the water, about 300 cc, in a glass cylinder, in a 
room free from ammonia vapors, 2 cc of a saturated solu- 
tion of sodium carbonate, and 1 cc of a solution of sodium 
hydroxide (1 part of sodium hydroxide in 2 parts of dis- 
tilled water), stopper the cylinder, shake, and let the pre- 
cipitate settle. Pour off or filter (through a washed filter) 

100 cc of the clear liquid into another cylinder, and add 

1 cc of the solution of potassium mercuric iodide in 
potassium hydroxide (Nbsslbe’s reagent), mentioned in 
§ 97 6. If this produces a yellow coloration, or perhaps, 
upon the addition of another cubic centimeter of Nesslbr’s 
reagent, even a reddish-brown turbidity, a smaller or 
larger quantity of ammonia is shown to be present 

3. In order to test for nitrous acid,* to a fresh portion 241 
of the water (about 50 cc) add about 1 cc of dilute sulphuric 
acid and 1 cc of potassium iodide or zinc iodide and 
starch solution (compare § 189). If a blue coloration 
appears at once, or after a very short time, there is a rela- 
tively large amount of nitrous acid present, but if the 
color appears only after a considerable time, a slight 
amount is present. In making the test, avoid the action 

of daylight, and especially that of direct sunlight, 
because otherwise a blue color appears, or may appear 

* Compare also, In regard to this, the corresponding chapter of my " Quan- 
Utatire Analyids.” 
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even when nitrous acid is not present In making this 
test, caution requires that a counter-experiment should be 
made with the same reagents and a water free from 
nitrous acid. If it is desired to increase the delicacy of 
the reaction still more, or if substances are present which 
interfere with direct testing according to the method 
given above, distil a larger portion of the water acidified 
with acetic acid, and subject to the test the portion 
which first comes over (compare § 189). 

4. To test for oegasio maitee, it generally suffices for 
the qualitative examination of a water to evaporate about 
200 cc to dryness, and to subject the residue to a gradu- 
ally increasing heat. Organic substances are then recog- 
nized by a browning or blackening. If the heating has 
not been carried too far, upon treating the residue, which 
usually contains carbonates, with dilute hydrochloric 
acid, carbonic acid with an empyreumatic odor is gener- 
ally evolved.. If this test is to give a decisive result, the 
evaporation, as well as the heating of the residue, must 
be performed in a glass flask or a retort.* 

5. Fbiid substances (decaying organic matter) are 242 
detected best by filling a bottle to two-thirds with the 
water, covering it with the hand, shaking, and smelling. 

If the smell is of hydrogen sulphide, proceed as directed 
in § 248, 3. Whether there are also fetid organic mat- 
ters present, may be ascertained by adding a little copper 
sulphate to the water before smelling it. 

6. Treat another sample of the freshly drawn water 
with lime-water. If a precipitate is produced, ebee cab- 
BONio Aon> or aoed cabbonaxes are present. In the first 
case, a permanent precipitate is not obtained if a large 
portion of the water is treated with but little lime-water, 


* In relation to more exact tests for organic matters, compare the Sixth 
Edition of my “ Anleitung zur Quantitativen Chemischen Analyse, ” § 805. 
11. In regard to micro-bacteriological investigation, see Hcxpfx, “ Die 
Methoden der Bakterien-Foraohung,” Wiesbaden, 0 W. Ereidel’s Verlag, 
1585 ; V. Haiafbrt NBaFTnii.li, Zeitscbr. f. analyt. Ohem. S6, 89 ; G. 
Fbank, iba , SO, 805; OHUtuiASB, “ Die Untersuchong des Wassers,” Berlin, 
J. Springer’a Verlag, 1894. 
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(because in this case a soluble acid calcium carbonate is 
formed).* 

7. In order not to overlook lead, zikc, or coffer, 
which sometimes occur in waters from the use of lead, 
“galvanized,” or copper service-pipes, acidify 1 or 2 
litres of the water with hydrochloric acid, concentrate it 
in a tubulated retort, having the tubulure open and the 
neck directed steeply upwards, to a residue of about 
100 cc, filter if necessary, and treat the liquid with hydro- 
gen sulphide. Since a portion of the lead present might 
possibly be in the precipitate filtered off, heat this with a 
solution of ammonium acetate, filter, and test this filtrate 
with hydrogen sulphide for lead. 

If a black precipitate was obtained by treating the 
first solution with hydrogen sulphide, examine it for lead 
and copper by § 229. 

Boil the liquid which has been filtered from the black 
precipitate, or that in which such a precipitate has not 
been obtained, until the hydrogen sulphide has been ex- 
pelled, add some nitric acid, boil again, mix, after cooling, 
with ammonia in excess, filter off any resulting precipi- 
tate (ferric hydroxide, etc.), just acidify the filtrate with 
acetic acid, and treat with hydrogen sulphide. If a white 
precipitate is produced which does not dissolve upon 
shaking with benzol or petroleum-ether, the presence of 
zinc is shown. 

IL The Water under Investigation is not Clear. 

1. Fill a large glass bottle with the water, stopper it, 248 
and let it stand in a dark, cool place until clear, then 
draw off the clear water by means of a siphon, and apply 

to it the tests given in 1, 1, 4, and 6. 

2. To test for ammonia (I, 2), nitrons acid (I, 3), fetid 
organic matter (I, 5), and lead, zinc, and copper (I, 7), use 
fresh portions of the water in its original, turbid condi- 
tion, and in this case, it is generally preferable to use the 
ilistillation method for testing for nitrous add. 


*Id regard to other methods of detecting free carbonic add, see § 179, 8 
and 9. 
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3. la order to learn the character of the suspended 
substances, filter the deposit left in the bottle in let- 
ting the water become clear (II, 1), and examine the 
precipitate remaining on the filter. Since it may consist 
of the finest dust of Tarious minerals, treat it first with 
dilute hydrochloric acid, and examine the part insoluble 
in this acid by the course for silicates (§ 241).* 


B. Ahal^sis of Misebal Watebs. 

§ 247. 

Hhe analysis of mineral waters embraces a larger num- S44- 
ber of constituents than that of potable water. The fol- 
lowing are the principal of the additional bodies to be 
looked for : 

CiSSIOK, RTIBIl>in]ll, THALLTCM, LITHIUM, BABIDH, STBOM- 
01011, ALUMEilDM, MANGANESE, BOKIO ACID, UTANIO AOID, BEO- 
MINE, IODINE, FLTJOEINB, HTOEOGEN SULPHIDE (thiosulphurio 
acid),t CBENic ACID, and afocbenio aoid (formic acid, pro- 
pionic acid, etc., nitrogen gas, oxygen gas, marsh gas).t 

The analyst has, moreover, to examine the muddy» 
ocherous or hard sinter deposits of the spring, or also the 
residue left upon the evaporation of very large quantities 
of water, for aesenic, ANTiMONy, cokpee, lead, zinc, cobalt, 
nickel, and other heavy metals. The greatest care is 
required in this examination to be sure that these 
metals really come from the water, and do not perhaps- 
proceed from pipes, stop-cocks, etc-J The absolute purify 
of the reagents employed in these delicate investigations 
must also be established with the greatest care. 


• In regard to a more exact examination, compare the corresponding 
ter of my “ Quantitative Analysis.” 

t Beq;)ecting the constituents in parentheses, I refer to the corresponding' 
chapter in my “ Quantitative Analysis.” as the detection of these matters gen- 
erally comprises also their quantitative est'mation. 

t In leilation to this, and In regard to the analysis of mineral irateraiir. 
general, compare my numerous analyses of mineral waters, given in the cor- 
responding chapter of my “ Quantitative Analysis.” 
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1. Examination op the Water. 
a. Operations at the Spring. 

§ 248. 

1. Filter the water, if not perfectly clear, through 245 
washed filter-paper (§ 6), into large bottles with glass 
stoppers. The sediment remaining on the filter, which, 
besides the flocculent matter suspended in the water, pos- 
sibly contains also those constituents which separate at 
once upon coming in contact with the air (ferric hydroxide 
and ferric phosphate, silicate, and arsenate), is taken to 

the laboratory, to be afterwards examined according to 
§260. 

2. The presence of pbee oabbonio acid is usually su£i- 246 
ciently evident to the eye. However, to make sure by 
positive reactions, test the water with freshly prepared 
solution of litmus and with lime-water. If carbonic acid 

is present, the former acquires a wine-red color, while 
the latter produces a turbidity which must disappear upon 
addition of the mineral water in excess. 

3. Free hidrogen sulphide is most readily detected 247 
by the smell. For this purpose half fill a bottle with the 
mineral water, cover with the hand, shake, and then smell 

the air in the bottle. In this way distinct traces of hydro- 
gen sulphide are often found which would escape detection 
by reagents. However, if visible reactions are desired, fill 
a large white bottle with the water, add a few drops of 
solution of lead acetate in sodium hydroxide, or, if a 
heavy white precipitate should be produced by this, an 
aqueous solution of cupric chloride, place the bottle on a 
white surface, and look in at the top. to see whether the 
water acquires a brownish color or deposits a blackish 
precipitate. Another test, also very delicate, depending 
upon the formation of methylene blue, is the following : 

Mix the water to be tested with of its volume of fum- 
ing hydrochloric acid, add a few crystals of the sulphuric 
acid salt of para-amido-dimethyl aniline, and, as soon as 
these have dissolved, one or two drops of a dilute solu- 
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tion of ferric chloride. In the presence of hydrogen sul- 
phide, the liquid, which would otherwise be light red, 
assumes a pure blue color after some time (H. Oabo, E. 
Fisher ; see § 187, 6). 

Both the browning by lead sulphide or copper sulphide 
and the formation of methylene blue take place whether 
hydrogen sulphide or an alkali-metal sulphide is present. 
Therefore, if the alkaline character of the water points 
to the possible presence of an alkali-metal sulphide, and 
if the odor of hydrogen sulphide cannot be distinctly 
•■t^cognized, the following experiment must be made for 
the detection of the latter : Close a large bottle, half filled 
with the water, with a cork, to the bottom of which a strip 
of paper impregnated with lead acetate solution and then 
moistened with a solution of ammonium carbonate is 
fastened, and notice whether this becomes brown in the 
cf)urse of several hours. Shake the bottle a little from 
time to time. 

4. Mixaratherlargesampleof the water with some tan- 248 
nic acid, and another with some gallic acid. If the former 
imparts a reddish-violet, and the latter a bluish-violet, color, 
FERROUS COMPOUNDS are present. Instead of the two acids, 
infusion of galls, which contains them both, may be em- 
ployed. The colorations make their appearance only after 
some time, and increase in intensity from the top (where 
the air acts on the fluid) towards the bottom of the 
vessel. Test for occasionally occurring ferrio sdLts by 
means of potassium sulphocyanide, with the addition of 
hydrochloric acid. 

6. Test for nitrous actd and fetid OBaANio substances 248 
according to 241 and 242. If the water contains hydrogen 
sulphide, remove it, before testing for nitrous acid, by the 
addition of some freshly precipitated, washed lead car- 
bonate and filtering. 

6. Operations in the Laboratory. 

§ 249. 

As it is always desirable, even in a qualitative exam- 
ination, to obtain some information as to the propor- 
tions in which the several constituents are present, it is 
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advisable to analyze a comparatively small portion for 
the principal constituents, and to ascertain, as far as may 
be practicable, the relative proportions in which these 
exist, and thus to determine the character of the water ; 
then to examine a far larger portion for the constituents 
which are present in small quantity ; and finally a very 
large portion, or else the sinter, for those which are pres- 
ent in exceedingly small amounts. For this purpose pro- 
ceed as follows : 

1. Examination fob those Constituents which abe 

PRESENT IN LARGE QUANTITIES. 

a. Boil about li liters of the clear water, or of the 250 
water filtered at the spring, in a porcelain dish (a flask is 
less suitable) for one hour, taking care, however, to add 
•from time to time some distilled water, so that the 
quantity of liquid may remain undiminished, and only 
those salts may be separated which owe their solution to 
the presence of carbonic acid. Filter and examine both 
the precipitate and the filtrate as directed in § 246. 

5, Test also for ammonium, organic matters, etc., by 
the methods given in § 246. If from any cause, the 
water is not adapted for being tested directly for ammo- 
nia, according to 240, distil it with the addition of some 
freshly boiled sodium or potassium hydroxide solution, 
and apply the test to the distillate. Attention is again 
explicitly called to the fact that the reaction for ammo- 
nia with Nessler’s reagent does not occur when the liquid 
contains free carbonic acid, acid carbonates, or alkali- 
metal sulphates (compare § 97). 

2. Examination for those fixed Oonstetuents which 

ABE PRESENT IN SMALLER QUANTITIES. 

Evaporate to dryness a large quantity (at least 10 liters) 251 
of the water, in a platinum, silver, or porcelain dish; 
conduct this operation with the most scrupulous cleanli- 
ness, in a place as free as possible from dust. If the water 
•contains no alkali carbonate, add pure potassium carbon- 
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ate in slight excess. The first part of the process of 
evaporation may be conducted over a gas'lamp, but 
ultimately the sand-bath must be employed. Heat the 
dry mass to very faint redness i if in a platinum or 
silver dish, proceed to ignite it directly, but if in a por- 
celain dish, first transfer it to a silver or platinum vessel^ 
and then ignite gently. If the mass turns black in this 
process, obgakio mattebs may be assumed to be present.* 

Mit the residue thoroughly, and divide it into 3 por- 
tions, o and h being each about a q^uarter, and c one half. 

‘ a. Examination fob phosphobio acid. 

Warm the portion a with water, add pure hydro- 263 
chloric acid in sufficient excess, evaporate to dryness 
on the water-bath, warm the residue with hydro- 
chloric acid, dilute slightly, filter through paper 
washed with hydrochloric acid and water, evaporate 
the solution to a small volume, at last with repeated 
additions of nitric acid, and test with the nitric acid 
solution of ammonium molybdate, for phosphobio acod 
(§ 172, 10). 

6. EXAMINAriON FOB FLIJOBINE. 

Heat the portion b with water, add calcium chlo- 268 
ride as long as a precipitate (consisting chiefiy of 
calcium and magnesium carbonates) continues to 
form ; let this settle, and collect it on a filter. Wash, 
dry, ignite, treat with water in a small dish, add acetic 
acid in slight excess, evaporate to dryness on the 
water-bath, keeping the dish on the bath until all 
smell of acetic acid has disappeared, add water, 
heat, filter off the solution of the acetates of the 
alkali-earth metals, wash, dry or ignite the residue, 
and test it for flttobine, as directed in § 176, 6. 

c. Examination fob tee SEHAiNiNa fixed ooNSTmr- 

ENTB PBESENT IN MINUTE QUANTITIES. 

Soil the portion c repeatedly with water, filter, 254 

* This Inference, howeyer, is correct only If the water has been effectually 
protected from dust during eraporation ; if this has not been the case, and it is 
desired to ascertain beyond doubt whether organic matters are present evap- 
orate a separate portion of the water in a retort If organic matter is found. In 
Older to learn whether it consists of crenic acid or of apocrenic acid, treat a 
portion of the residue as directed in ^ 2d0, 8. ' 
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and wash the nndissolyed residue with boiling water. 

This gives a residue {a) and a solution (yS). 

a. The residue consists chiefly of calcium car- 
bonate, magnesium carbonate, silicic acid, and (in 
the case of chalybeate springs) ferric hydroxide. 

But it may also contain minute quantities of barium, 
STRONTIUM, ALTTMINTDM, MANGANESE, and TITANIUM, 
and accordingly must be examined for these sub- 
stances. 

Treat it with water in a platinum or porcelain 
dish, add hydrochloric acid in slight excess, then 
4 or 6 drops of dilute sulphuric acid, evaporate to 
dryness on the water-bath, moisten with a small 
quantity of hydrochloric acid, then add water, 
warm gently, filter, and wash. 

oa. Examination of the residue insoluble in 255 
HYDROCHLORIO AOTD. This Will consist mostly of 
silicic acid ; but it may also contain sulphates of 
the alkali-earth metals, titanic acid, and carbon. 
Heat it repeatedly in a platinum dish with hydro- 
fluoric acid or ammonium fluoride, with addition 
of some sulphuric acid, till all the silicic acid is 
expelled. Finally evaporate to dryness, fuse the 
residue (if any) with potassium disulphate, treat 
the fusion with cold water, filter, and test the 
solution for titanic acid by protracted boiling. 

If, on treating the fusion with water, tUere 
was a residue, wash it, and incinerate the filter. 
When a spectroscope is at hand, take up the 
ash on the loop of a platinum wire, expose for 
some time to the reducing flame, moisten with 
hydrochloric acid, and examine for barium. 
Strontium will not be found here except perhaps 
in traces. When a spectroscope is not at hand, 
set aside the ash for subsequent examination. 

55. Examination of the hydbochlobic acid 25ft 
SOLUTION. Mix it in a flask with some ammonium 
ohloride, add ammonia until the fluid is just 
alkaline, then some freshly prepared ammonium 
sulphide which is free from ammonium hydrox- 
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ide; close tlie flask, filled to the neck, and let it * 
stand for 24 hours in a moderately warm place. 

If a precipitate has formed at the end of that time, 
filter it off*, dissolve in hydrochloric acid, boil, add 
sodium hydroxide (§ 35, c) in excess, boil again, 
filter, and test half of the filtrate for alumintdm,* 
by adding ammonium chloride; and the other 
half for ZINC, by adding a little hydrogen sul- 
phide water. Fuse apart of the residue with so- 
dium carbonate to test for manganese, and test the 
remainder for iron by dissolving it in hydro- 
chloric acid, boiling the solution with a little 
nitric acid, and adding potassium sulphocy- 
anide or ferrocyanide to the cooled and diluted 
liquid. 

If the examination of the precipitate obtained 
by ammonium sulphide is to be extended only 
to manganese and zinc, it is preferable, in the 
presence of much iron, to oxidize the solution of 
the precipitate in hydrochloric acid, by boiling 
with nitric acid, to precipitate the iron as a basic 
salt by § 128, 3, 6, to add sodium acetate to the fil- 
trate and acidify it with acetic acid, and to pre- 
cipitate with hydrogen sulphide any zinc pres- 
ent; then test for manganese in the filtrate 
with bromine and ammonia (§ 128, 4), 

The filtrate from the ammonium BulpHde 
precipitate may contain traces of manganese and 
barium, and -will contain all or nearly all the 
strontium. Acidify it first mth hydrochloric 
acid, concentrate by evaporation, filter off the 
separated sulphur, add bromine-water until a 
strong yellow coloration is produced, then 
ammonia in slight excess, and heat to Ijoiling 
for some time. If a minute, brown precipitate 
separates here, it is due to traces of manganese 
which had not been precipitated by ammonium 

•When aluminium Is found, one is not justified In supposing it to Iw 
pnsent in tbe water unless the eyaporation, etc., has been carried out in plab 
Innm or silver, rather than in porcelain. 
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sulphide. Filter, if the case requires it, precipi- 
tate -with ammonium carbonate with the addition 
of ammonia, filter after long standing, wash the 
precipitate, dry it, subject it to Engelbach’s pro- 
cess (described near the end of § 104), and then 
treat the aqueous extract of the ignited precipi- 
tate as follows : If a spectroscope is at command, 
evaporate the extract to dryness with hydrochloric 
acid, and, by means of that instrument, examine 
the residue for strontium and any barium that 
may be present here. If a spectroscope is not at 
hand, evaporate the aqueous extract nearly to dry- 
ness, with the addition of some ammonium sul- 
phate, boil with a saturated solution of ammo- 
nium sulphate, filter, wash the precipitate, dry, 
incinerate, add the residue set aside in 225, fuse 
with sodium carbonate, treat with water, wash, dis- 
solve the residue in nitric acid, evaporate to dry- 
ness, and proceed with the nitrates according to 
163, in order to test for barium and strontium. 

I3, The alkaline solution contains the salts of 257 
the alkali metals, and usually also magnesium and 
traces of calcium. It is to be examined for nitric 
ACID,* boric acid, IODINE, BROMINE, and LITHIUM. 
Evaporate until very concentrated, let it cool, and 
place the dish in a slanting position, so that 
the small quantity of liquid may separate from the 
saline mass ; transfer a few drops of the concen- 
trated solution to a watch-glass by means of a 
glass rod, just acidify with hydrochloric acid, and 
test with turmeric-paper, for boric acid (§ 174, 5). 
Evaporate the whole contents of the dish to per- 
fect dryness, with stirring, and divide the residu- 
ary powder into two portions, aa being about two 
thirds, and hb one third. 


* The nitric acid originally present may have been desti'oyed by the igni- 
tion of the residue in 261 , if the latter contained organic matter. If there la 
reason to fear that such has been the case, and nitric add has not been 
already found in 260 , examine a larger portion of the non-ignited residue for 
that acid, according to 268 . 
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aa. Examine the laegeb portion foe nitric 25S 
AOID, iodine, and bromenb. Put the powdered 
substance into a flask, add alcohol of 90 per 
cent, boil on the water-bath, and filter hot; 
repeat the operation a second and third time. 

Mix the alcoholic extract with a few drops 
of potassium hydroxide, distil off almost all 
the alcohol, and allow the residue to cool. If 
minute crystals separate, these may consist of 
potassium nitrate ; pour off the fluid, wash the 
crystals with some alcohol, dissolve them in a 
very little water, and test the solution for 
nitric acid with diphenylamine, indigo, or brucin 
(§193). Now evaporate the alcoholic solution 
quite to dryness. If nitric acid has not yet 
been found, dissolve a small portion of the resi- 
due in a very little water, and examine the solu- 
tion for that acid. Treat the remainder or, as 
the case may be, the whole of the residue three 
times with warm alcohol, filter, evaporate the 
filtrate to dryness with the addition of a drop 
of potassium hydroxide solution, dissolve the 
residue in a very little water, acidify slightly 
with sulphuric acid, add some pure carbon di- 
sulphide, and finally test for iodine with a drop 
of a solution of nitrous acid in sulphuric acid or 
very little of a solution of potassium nitrite. 
After shaking the mixture, and carefully ob- 
serving whether the carbon disulphide shows 
a violet or reddish coloration (establishing 
the presence of iodine), test the same liquid 
for BROMINE by the cautious addition of chlo- 
rine-water, according to the process given in 
§188. 

66. E xAMm e the smatt.eb poetion poe uth- 260 
nm, 'Warm the smaller portion of the residue 
(which, if lithium is present, must contain that 
metal as carbonate or phosphate) with wateu 
add hydrochloric acid to distinctij acid reac- 
tion, evaporate nearly to dryness, then mix with 
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pure alcohol of 90 per cent, which will separate 
the greater portion of the sodium and potassium 
compounds, and dissolve all the lithium salt. 
Filter, drive off the alcohol bj evaporation, and, 
if a spectroscope is at hand, examine the residue 
with this, for lithium (§ 98, 3) ; but if not, dissolve 
the residue in water and a few drops of hydro- 
chloric acid, add a little ferric chloride and enough 
milk of lime to give a strong alkaline reaction to 
the liquid, boil, filter, precipitate with ammo- 
nium oxalate, filter the solution (now freed from 
phosphoric acid and alkali-earth metals), evapo- 
rate it to dryness, and gently ignite until the 
ammonium salts are expelled ; after the addition 
of a drop of hydrochloric acid, treat the residue 
with a mixture of absolute alcohol and anhy- 
drous ether, filter the solution, concentrate it by 
evaporation, and finally ignite the alcohol. If 
it burns with a carmine-red flame, lithium is 
present. For confirmation, convert it into lith- 
ium phosphate ; but before deciding that a 
residue (obtained by evaporating with sodium 
phosphate and a little sodium hydroxide and 
treating with ammonia and water) is certainly 
lithium phosphate, it is always to be examined 
to ascertain whether it shows the characteristic 
properties of this compound (§ 98, 8). 


3. Examination fob those Oonstitubnts which abb pebsent 

IN BXOEEDINOLY MINUTE QUANTITIES. 

Evaporate 100 or 150 liters of the water by degrees, in 260 
a large porcelain dish, or even in a large, perfectly clean 
iron vessel, until the salts soluble in water begin to sepa- 
rate. If the mineral water contains no sodium carbon- 
ate, add enough of that substance to render the liquid 
distinctly alkaline. After evaporation, filter the solution 
off, wash the precipitate without adding the washings to 
the first filtrate, and 
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a. Examine the predpitcxie^ by the method given 
in § 250 for sinter deposits. 

5. Mix the solution with hydrochloric acid to acid 
reaction, heat, precipitate with hydrogen sulphide 
the acids of arsenic possibly present here (262), and 
exactly precipitate with barium chloride the sul- 
phuric acid which may be present, filter, evaporate the 
filtrate to dryness, digest the residue with alcohol of 
90 per cent, and examine the solution for o-ffiSiUM and 
RUBIDIUM, according to § 98, near the end. Treat the 
residue insoluble in alcohol as follows : Make a hot,, 
concentrated solution of it in water, add ammonia 
just in excess, and filter if necessary. To the solu- 
tion which has remained clear, or to the filtrate con- 
tainiug but little free ammonia, add potassium iodide 
while it is hot. If a precipitate forms at once, or 
after long standing, filter it off, and test it for thaI;^ 
UUM by means of the spectroscope (§ 130). 


2. Examination op Sinter Deposits. 

§ 260. 

1. Free the deposit from impurities by picking, sift- 261 
ing, elutriation, etc,, and from the soluble salts adher- 
ing to it by washing with water. Digest a large quantity 
(from 60 to 200 g) with water and hydrochloric acid 
(effervescence shows carbonio acid) at a very moderate 
heat, until the soluble part is completely dissolved; 
then dilute, cool, filter, and wash the residue. 

CL Examination of the fiUrate. 

a. Largely dilute a sample of it, neutralize the 
greater part of the free acid with ammonia, and> 
while still completely clear, mix the liquid with 
barium chloride, and allow it to stand for 12 
hours in a warm place. White precipitate : sul- 
phuric ACID. 
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Heat the larger portion to 70®, pass in hy- 262 
drogen sulphide for a long time and also during 
the cooling. Allow it to stand in a moderately warm 
place till the smell of the gas is almost gone, and then 
pour it through a filter. If the precipitate oontainb 

A CONSIDERABLE AMOUNT OF SULPHUR (as is the Case 
if the solution contained much ferric chloride), wash 
it completely by decantation, passing the washings 
through the filter, and while still moist, triturate 
it with water Then wash the semi-liquid mass 
into a flask, add petroleum-ether, agitate thor- 
oughly and persistently, pour off the liquid as far 
as possible into another flask, and repeat the ex- 
traction of the undissolTed residue with water and 
petroleum-ether until the sulphur is completely or 
almost completely removed. If a residue remains 
undissolved (which indicates the presence of sul- 
phides) filter the united liquids through a paper 
moistened with water, transfer the precipitate to it 
also, allow the water to run off entirely, then pour 
off the petroleum-ether from the sulphides adher- 
ing to the filter, spread out the moist filter in a 
small porcelain dish, and treat it according to 263. 

If THE PRECIPITATE PRODUCED BY HYDROGEN SUL- 
PHIDE CONTAINS LITTLE SULPHUR, the treatment with 
petroleum^ther is not required. In this case, 
directly spread out the filter containing the well- 
washed precipitate, in a small porcelain dish. 
Warm the contents of the filter with some sodium 263 
sulphide solution, dilute, filter, and wash with 
water containing some sodium sulphide. Distinctly 
acidify with hydrochloric acid the solution thus 
obtained, and shake thoroughly with petroleum- 
ether. If an insoluble residue remains, filter 
through a small paper moistened with water, allow 
the aqueous solution to run off entirely, pour off 
the petroleum-ether, wash the precipitate adher- 
ing to the paper, spread out the filter, first upon 
blotting-paper, then in a small porcelain dish, and 
proceed to examine for the metals of Group YI, 
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especially arsenic and antimony, according to 
§ 157, 2, or some other method given in § 167. 

If a residue remained on treating the hydrogen 264 
sulphide precipitate Tvith sodium sulphide, wash, 
remove from the filter by a jet of water, and boil 
with a small quantity of dilute nitric acid. If a 
residue still remains, filter it off, and in order not 
to overlook any lead sulphate possibly present here, 
repeatedly pour over the contents of the filter 
a hot solution of ammonium acetate. Now test 
this filtrate with hydrogen sulphide for lead, and 
test the contents of the filter, if any should remain, 
for BARIUM and strontium, according to p. 163. Mix 
the nitric acid solution with pure sulphuric acid, 
evaporate to dryness upon the water-bath, and pro- 
ceed to test for LEAD, COPPER, and any other metals 
of Group V that may be present, according to 182. 

Take a portion of the filtrate from the hydrogen 265 
sulphide precipitate, evaporate it to dryness on a 
water-bath, with an excess of nitric acid, treat with 
nitric acid and water, filter, and test the solution 
for PHOSPHORIC Acm with molybdic acid solution. 

Heat the remainder of the liquid which was 
filtered from the hydrogen sulphide precipitate, 
with the addition of nitric acid, until the ferrous 
chloride (which is almost always present, and often 
in large amount) is completely converted into ferric 
chloride, and then proceed, according as the solu* 
tion contains little or much iron, by aa or 66. 
aa. The solution contains little iron. 

Mix it with ammonia in slight excess, filter, 
wash the precipitate somewhat, dissolve it in hy- 
drochloric acid, heat to boiling, allow to cool, 
precipitate once more with a slight excess of 
ammonia, and filter again. 

Dry the precipitate, triturate it, and hav- 
ing placed it in a porcelain boat within a 
glass tube, ignite it in a stream of hydrogen 
for some time, strongly enough to convert 
the ferric oxide present into metallic iron; let 
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it cool completely in hydrogen, and treat the 
residue with dilute nitric acid until the iron 
present is dissolved. If a residue remains, fuse 
it, after it has been washed, with potassium disul- 
phate, treat the mass with cold water, filter ofif 
the undissolved silicic acid which always re- 
mains, boil the filtrate for a long time, thus sep- 
arating any titanic acid present (§ 118j, and test 
the solution, filtered from this, for aluminium by 
warming with ammonia in moderate excess. If a 
precipitate thus resulting should not be white 
but brownish-red (therefore still containing iron), 
it should be filtered off and washed, dissolved in 
hydrochloric acid, the solution then heated with 
an excess of potassium hydroxide, diluted, fil- 
tered, and the filtrate tested for aluminium by 
heating with ammonium chloride. 

Acidify the solution with acetic acid, mix 
ammonium acetate with it, and while hot treat it 
with hydrogen sulphide gas. If a pure white 
precipitate is formed, which does not dissolve 
upon shaking with petroleum-ether, it shows 
the presence of zinc ; but if a black or blackish 
precipitate forms, this is to be tested for cobalt, 
NICKEL, and ZINC, according to 143. 

From the liquid which has been filtered from 
the precipitate produced by hydrogen sulphide 
in acetic acid solution, precipitate the almost 
never-failing manganese with bromine and am- 
monia (§ 123, 7), and test the liquid filtered from 
the hydrated manganese dioxide, for babium, 
STBONnuM, CALCIUM, and MAGNESIUM, according 
to 166 and 167. If all of them should not be 
found here, dissolve the precipitate of hydrated 
manganese dioxide (which may contain small 
amounts of alkali earths) in hydrochloric acid 
with the aid of heat, precipitate the manganese 
with ammonia and ammonium sulphide, filter, 
and test this filtrate also for the alkali-earth 
metals, according to 166 and 167. 
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The solution contains much iron. 

Proceed in this case to precipitate the iron 
as basic chloride, according to § 128, 3, 6, filter, 
wash with water containing ammonium chloride, 
concentrate the filtrate in a platinum dish, allow 
it to cool, then add ammonia in slight excess, 
filter, wash, unite this precipitate with the prin- 
cipal one first obtained, and proceed with this, 
and with the filtrate from the precipitation with 
ammonia, according to oa. 

6. Examination of the residue. 

This generally consists of sand, hydrated silicic 266 
acid, clay, and organic matters, but if the water con- 
tain hydrogen sulphide, the residue may contain sul- 
phur besides barium sulphate, strontium sulphate, 
and calcium sulphate. First boil it for a long time 
with a solution of sodium carbonate and hydroxide, 
in order to dissolve the hydrated silicic acid and any 
sulphur present ; then after diluting it, pour off the 
solution through a filter, boil the residue twice 
more with fresh sodium carbonate solution, bring the 
precipitate upon the filter, and wash it. 
a. Examination of the Bolvtion. 

Acidify with hydrochloric acid a part of the fil- 
trate first obtained (an odor of hydrogen sul- 
phide shows the presence of sulphur in the deposit 
of the spring), evaporate to dryness, warm the resi- 
due with hydrochloric acid, add water, filter, wash, 
dry, and ignite the insoluble residue in order to 
free the snjoic Aom which may be present, from any 
sulphur. If there is doubt about the presence of 
an alkali-metal sulphide in the alkaline solution, 
test a sample of it with alkaline lead solution 
(§ 187, 4). 

Examination of the residve. 

Treat the residue with dilute nitric acid, in order 
to dissolve any barium and strontium carbonates 
resulting from the conversion into carbonates (by 
boiling with sodium carbonate) of any sulphates of 
these metals originally present in the sinter. Test 
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the nitric acid solution for barium and strontium, 
and examine the residue insoluble in nitric acid, 
according to § 243. 

2. It is best to test a separate portion of the deposit 267 
for FLUORINE. If it does not already contain much calcium 
carbonate, mix it with about half its weight of pure cal- 
cium hydroxide, ignite (whereupon there is an opportu- 
nity to detect organic matter), mix the residue with water, 
add acetic acid to acid reaction, evaporate until all the 
acetic acid is driven off, and proceed according to 253. 

3. Boil a portion of the deposit for a considerable 268 
time with concentrated potassium or sodium hydroxide 
solution, and filter. 

a. Acidify a portion of the filtrate with acetic acid, 
add ammonia, allow it to stand 12 hours, and then 
filter off the precipitate of alumina and silicic acid, 
which usually forms ; again add acetic acid to acid 
reaction, and then solution of normal cupric acetate. 

If a brownish precipitate is formed, this consists of 
cupric APOORENATE. Mix the fiuid, filtered from the 
precipitate, with ammonium carbonate, until the green 
color has changed to blue, and then warm. If a bluish- 
green precipitate is produced, this consists of cupric 
ORENATE. 

h If arsenic has been detected, use the remainder 
of the alkaline fiuid to ascertain whether it existed in 
the deposit as arsenious aoid or as arsenic Acn>. 
(Compare § 167, 12.) 


IV. Analysis op Cultivated or Natural Soils. 

§ 251. 

Soils must contain all the constituents which are found 
in the plants growing upon them, with the exception of 
those supplied by the atmosphere and the rain. When 
we find, therefore, a plant, the constituents of which are 
known, growing in a certain soil, the mere fact of its 
Rowing there gives us some insight into the composition 
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of that soil, and to some extent may saye the trouble of a 
qualitative analysis. 

Viewed in this light, it would appear superfluous to 
make a qualitative analysis of soils still capable of pro- 
ducing plants; for it is well known that the ashes of 
plants almost invariably contain the same constituents, and 
that the differences between them are caused principally 
by differences in the relative proportions in which the 
several constituents are present. But if, in the qualita- 
tive analysis of a soil, regard is also had to the propor- 
tions of the constituents, as far as it is possible to 
estimate them, and to the state in which they are present, 
an analysis of this kind, if combined with an examination 
of the physical properties of the soil and a mechanical 
separation of its parts * may give useful results, enabling 
the analyst to judge sufficiently of the condition of the 
soil without the necessity of making a quantitative analy- 
sis, which would require much time, and is a far more diffi- 
cult task. 

As plants can only absorb substances capable of enter- 
ing into a state of solution, it is a matter of special 
importance, in the qualitative analysis of a soil, to know 
which constituents are soluble in pure water ; t which 


♦ With regard to the mechanical separation of the component parts of a 
soil, and the examination of its physical properties, and chemical and bacteri- 
ological condition, compare the corresponding section of my “Quantitative 
Analysis,” and the works and articles referred to there; also, N. PBLUiaiiiNi, 
Landwirthschaftl. Versuchsstationen, 26, 48 ; P. Sestini, ibid., 26, 47 ; 0. 
PrXnkbl, Zeitschr. f. analyt. Chem , 27, 104 ; “Bericht Uber Untersuchung 
der Bodenarten,”«6z(f., 30, 325; P. Wahnschaxfe, “Anleit. zur wissen- 
schaftlichea Bodenuntersuchung,” Berlin, bei S Parey, 1887, p. 30 et seq.; R 
Heinbich “ Zweiter Bericht Uber die landswlrthschaftl. Versuchsstation zu 
Bostock," p. 19 et Beg, 

f Formerly it was universally assumed that substances soluble in water, or in 
water containing carbonic acid, circulated freely in the soil so long as there ex- 
isted agents for their solution ; but since it has been discovered that arable soil 
possesses, like charcoal, the property of withdrawing from dilute solutions the 
bodies dissolved in them, this notion is exploded, and we now know that 
arable soil will retain with a certain force, bodies otheiwise soluble; from 
which we conclude that the aqueous extract of a soil cannot be expected to 
contain the whole of the substances present in that soil in a state Immediately 
available for the plant Neither can we expect to find these matters in the 
aqueous extract in the same proportion in which they are present in the soil. 
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require an acid for their solution (in nature principallj 
carbonic acid) ; and finally, which are neither soluble in 
water nor in acids, and accordingly, are not in a condi- 
tion, for the time being, to afford nutriment to the plant. 
With regard to the insoluble substances, other inter- 
esting questions are — whether they suffer disintegra- 
tion readily, or slowly and with difficulty, or whether 
they altogether resist the action of disintegrating agencies ; 
and also what are the products which they yield upon 
their disintegration. 

In order to take these matters into consideration in 
the analysis of soils, the constituents soluble in water, 
those soluble in acids, and the insoluble part, must be 
examined separately. The examination for organic sub- 
stances also demands a separate process. 

The analysis is therefore dmded into the following 
four parts: 

1. Preparation ard Examinatimi of the Aqueous Extract, 

% 252. 

About 1000 g of the air-dried soil are used for the prep- 268 
aration of the aqueous extract. To prepare this extract 
quite clear is a matter of some difficulty; in following 
the usual course (viz., digesting or boiling the earth with 
water, and filtering), the fine particles of clay are speedily 
found to impede the operation, by choking the pores 
of the filter. They also almost invariably render the fil- 
trate turbid, at least the portion which passes through 
first. The following method, proposed by F. Schulze, 
accomplishes the purpose simply, and with comparative 
rapidity :* Close the neck of several middle-sized funnels 


since the latter will readily give up to water those substances in regard to 
which its power of absorption has been satisfied, while it will more or less 
strongly retain others. But although the examination of the aqueous extract 
of a soil has no longer the same value as it was formerly considered to have, 
yet it is still useful to ascertain what substances a soil will actually give up 
to water. It is for this reason, therefore, that I have retained the chapter on 
the prex>aiation and examination of the aqueous extract. 

* In regard to other methods of preparing an aqueous extract, compare the 
corresponding section of my ** Quantitative Analysis.*’ 
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with small filters of thick filter-paper, moisten the filters, 
press them close to the sides of the funnels, place upon 
them layers of fine, pure sand 2 or 3 cm deep, and then 
introduce the air-dried soil (best in small lumps ranging 
from the size of a pea to that of a walnut, but not pulver- 
ized or even crushed), filling the funnels about two thirds. 
Pour distilled water into them, in sufficient quantity to 
cover the soil; if the first portion of the filtrate is turbid, 
pour it back into the funnel. Let the operation proceed 
quietly. Fill the funnels again with water, and continue 
this process of lixiviation until the filtrates weigh twice 
or three times as much as the soil used. Collect the sev- 
eral filtrates, which are often somewhat turbid, in a 
single vessel, and mix them thoroughly. Keep a por- 
tion of the soil which has been extracted as far as pos- 
sible. 

Divide the aqueous solution into two parts, 1 (about 
two thirds) and 2 (about one third). 

1. Evaporate the two thirds in a porcelain dish to a 
small bulk, and test as follows : 

a. Filter off a portion, test the reaction of the fil- 270 
trate, set aside a part to test for organic matter (280), 
warm the rest and add nitric acid. Effervescence in- 
dicates an ALKAII-METAL OAEBONATE. Then test half 
of this for OHLORINE with silver nitrate, the other half 
for SULPHURIC ACID with barium chloride. 

J. Transfer the rest of the concentrated fluid from 271 
1, together with the precipitate which it usually con- 
tains, to a small dish of porcelain or, better, of plat- 
inum, evaporate to dryness, and heat the brownish res- 
idue cautiously over the lamp till the organic matter 
is destroyed. In the presence of nitrates, a deflagra- 
tion of greater or less intensity will be perceptible, 
according to the amount present. Treat the residue 
as follows : 

ot* Test a small portion with sodium carbonate 
in the oxidizing flame, for manganese (§ 123, 14). 

Warm the rest with water, add some hydro- 
chloric acid (effervescence indicates cabbonio Aom), 
evaporate to dryness to separate silicic acid. 
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moisten with hydrochloric acid, add water, warm, 
and filter. 

aa. Wash the residue, which generally con- 
tains a little carbon, a little clay (if the aqueous 
extract was not quite clear), and also snjcic Acn>. 

To detect the latter, pierce the filter, wash the res- 
idue through, boil it with a solution of sodium 
carbonate, filter, saturate with hydrochloric acid, 
evaporate to dryness, and finally take up with 
hydrochloric acid and water, when the silicic acid 
will remain behind. 

hh. Test a part of the hydrochloric acid solu- 
tion (after evaporating with the addition of nitric 
acid) for phosphoeic A(aD,with molybdic acid solu- 
tion. Test a second part for ibon with potassium 
sulphocyanide. To the rest add a few drops of 
ferric chloride (to remove phosphoric acid), then 
ammonia carefully till slightly alkaline, warm a 
little, filter, throw down the OALCimi with am- 
monium oxalate, and proceed to the examination 
for iiAaNEsnnK, potassiim, and soDimi exactly ac- 
cording to the usual course of analysis (§§ 232 and 
233). Finally examine a small quantity of the 
pure alkali-metal chlorides in the spectroscope, 
for LITHIUH. 

Aluminium is not likely to be found in the 272 
clear aqueous extract (F. Soeulze never found 
it). To test for it, boil the precipitate produced 
by ammonia with pure potassium hydroxide in 
a platinum or silver dish, dilute, filter, acidify 
the filtrate with hydrochloric acid, add ammonia, 
and warm. 

2. If iron has been found, acidify a portion of the one 273 
third of the aqueous solution with hydrochloric acid, and 
test half with potassium ferricyanide, and the other half 
with potassium sulphocyanide, to ascertain in what state 
the iron is present. Test the rest of the aqueous extract 
for EiTBic ACID, AXUONiA, and NiTBous acud, according to 
§ 193, 7, 8, or 10, 240 and 241. 
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2. Preparaiion arid Pkamination of Add Extract. 

§ 253. 

Heat about 60 g of the soil from which the part 274 
soluble in water has been removed as far as prac- 
ticable (it is usually impossible to effect a complete 
extraction) with moderately strong hydrochloric acid 
(effervescence indicates oabbonio aoid) for several hours 
on the water-bath, filter, and make the following experi- 
ments with the filtrate, which is generally yellow from 
the presence of ferric chloride : 

1. Test a small portion with potassium sulpho- 
cyanide for febeig iron, another with potassium ferri- 
cyanide for ferrous iron. 

2. Evaporate a portion to dryness, heat the residue 275 
to a temperature scarcely exceeding 100°, moisten with 
hydrochloric acid, add some water, warm, add more 
water, and filter off the silicic acid, which is generally 
colored by organic matter, but becomes white upon 
ignition in the air. Test a part of the filtrate with 
barium chloride for sulphuric acud, and, with repeat- 
ed addition of nitric acid, evaporate the rest to a 
small residue, and test this for phosphoric Aoro, with 
solution of ammonium molybdate in nitric acid. 

3. Use a larger portion for the detection of man- 276* 
GANESE, ALUMINIUM, CALCIUM, MAGNESIUM, POTASSIUM, 
and SODIUM, according to the usual course, proceed- 
ing with it according to 134 and what follows, in case 
only a slight amount of organic matter has gone into 

the hydrochloric acid solution ; but, in the opposite 
case, according to 161. 

4. If it is of interest to determine whether the hy- 277' 
drochloric acid extract contains arsenic acid, copper, 
etc., treat the remainder of the solution with hydro- 
gen sulphide, etc., as directed in 262 to 264. 

6. It is best to test for fluorine (in case this test is 
required) in a new portion of the ignited earth, ac- 
cording to 230. 
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3. Mc<mimtion of the Inorganic Constifumts InsdiMe 

in Water and Acids. 

§ 254. 

Heating the soil with hydrochloric acid (274) always 278 
leaves the greater portion undissolved. To subject this 
residue to chemical examination, wash, dry, and sift, to 
separate the coarser stones and gi'avel from the clay and 
sand ; moreover, separate the two latter substances from 
each other by elutriation. Subject the several portions to 
the process given for silicates (§ 241). 

4. Examination of the Organic Constituents of the SoU. 

§ 255. 

The organic constituents of the soil, which exercise 279 
so great an influence upon its fertility, both by their 
physical and chemical action, are partly portions of plants 
in which the structure may still be recognized (fragments 
of straw, roots, seeds of weeds, etc.), and partly products of 
decay which are usually called by the general name of 
HUHUS. The latter differ in their constituents and proper- 
ties, according to whether they result from the decay of 
the nitrogenous or non-niirogenous substances, whether 
alkalies or alkali earths have or have not had a share in 
their formation, and whether they are in the incipient or in 
a more advanced stage of decomposition. To separate 
the several component parts of humus (which are as 
yet by no means thoroughly investigated nor sharply 
characterized) would be an exceedingly difficult task, 
and the results would hardly repay the trouble. The 
following operations are amply sufficient to answer all 
the purposes of ja qualitative analysis : 

a. Examimatim of the Organic Bvbstames acMIe 

Water. 

Evaporate the portion reserved in 270 to perfect dry- 280 
ness on the water-bath, and treat the residue with water. 
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The ulmic, humic, and geic acids, ■which were present in 
the solution in combination with bases, remain undis- 
solved, while OEENic and apocrenio acids are dissolved in 
combination with ammonium (Berzelius). For the man- 
ner of detecting the latter acids, see 268. 

&. Treatment loith Alhdi-metcd Carbonate. 

Dry a portion of the soil which has been extracted 281 
with water, and sift, in order to separate the fragments of 
straw, roots, the small stones, etc., from the finer parts ; 
digest the latter for several hours at 80® or 90° with solu- 
tion of sodium carbonate, and filter. Mix the filtrate 
with hydrochloric acid to acid reaction. If brown flakes 
separate, these proceed from ulmic, humio, or geic acids. 
With more ulmic acid, the precipitate is lighter brown, 
while with more humic or geic acid, it is darker brown. 

c. Treatment with Caustic AlJcalL 

Wash the soil boiled with solution of sodium carbon- 882 
ate (6) with water, boil several hours with potassium 
hydroxide solution (replacing the water as it evaporates), 
dilute, filter, and wash. Treat the brown fluid as in b. 

The acids of humus which separate here are new products 
(ulmic and humic acids), resulting from the action of boil- 
ing caustic potash upon ulmin and hubun. 


V. Deteoteon of Inorganic Substances in Presence 
OF Organic Substances. 

§266. 

It will be readily perceived that the presence of or- 
ganic substances may so far impede an analysis that it 
cannot be proceeded with until the organic matter has 
been totally destroyed. For instance, the presence of 
organic coloring matter may completely conceal a change 
of color or a precipitate ; again, the presence of slimy 
matter may render filtration impossible. Difficulties of 
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this kind are of constant occurrence in the examination 
of medicines, in the analysis of articles of food or of the 
contents of a stomach for inorganic poisons, and in the 
analysis of the inorganic constituents of vegetable or 
animal substances. In the following pages, instructions 
will be given first for a general procedure, afterwards for 
several special cases. 

1. Gemmdl Bvks for the detection of Inorganic Sulstancee 
inthe Presence of Organic Matters, which, hy their Color^ 
Consistence, or other Properties, impede the Application 
of the Beagents, or obscure the Beactions produced. 

§257. 

We confine ourselves here, of course, to a description 
of the most generally applicable methods, leaving the 
modifications which circumstances may require in special 
cases to the discretion of the analyst. 

1. The substance dissolves in water, but the solution 

IS DARK COLORED OR OF SLOIY CONSISTENCE. 

a. Heat a portion of the solution with hydro- 28S 
chloric acid on the water-bath, and gradually add 
potassium chlorate until the mixture is decolorized 
and perfectly fiuid ; heat until it no longer exhales the 
odor of chlorine, then dilute with water, cool, and fil- 
ter. Examine the filtrate in the usual way, com- 
mencing at § 226. (Compare also § 262.) It is hardly 
necessary to mention that mercurous, stannous, and 
ferrous salts would be changed to mercuric, stannic, 
and ferric chlorides, respectively, by this treatment, 
and that the original state of oxidation of such metals 
would not be shown in the examination of this solu^ 
tion. When mercury is especially sought for, it must 
be remembered that, when the foregoing process is 
followed, a part of this metal may remain undissolved 
in combination with albuminoids. In order to over- 
come this diflSculty, Ludwig recommends boiling 
at first for several hours with hydrochloric acid, 
in a flask connected with a return condenser, in order 
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to break tip this compound, and afterwards to proceed 
with the treatment with potassium chlorate. 

6. Boil another portion of the solution for some 
time with nitric acid, filter, and test the filtrate for 
SILVER and potassium. If nitric acid succeeds in ef- 
fecting the ready and complete destruction of the 
coloring and slimy matters, etc., this method is often 
preferable to all others. 

c. Aluminitjm and chromium might escape detection 
by this method, because ammonia and ammonium sul- 
phide fail to precipitate their hydroxides from fluids 
containing non-volatile organic substances. If there 
is reason for considering these metals, mix a third 
portion of the substance with sodium carbonate and 
sodium peroxide or potassium chlorate, and introduce 
the mixture in portions into a red-hot crucible. Let 
the mass cool, then treat it with water, and examine 
the solution for chromic acid and aluminium, and 
the residue for aluminium (§ 108). 

d. Test a separate portion for ammonia with slaked 
lime. 

e. Subject another portion to dialysis (§ 8), and 
examine the diffused part for acids, and, if the case 
requires it, for the state of oxidation of the metals 
present 

2. Boiling water fails to dissolve the substance, or 284 
effects only partial solution; the liquid admits of 

3Bmi?EATION, 

Filter, and treat the flltrate either as directed in § 225, 
or, should it require decoloration, according to 283, 

The residue may vary in character. 

a. It is FATTY or resinous. Eemove the fatfy or 
resinous matter by means of ether, petroleum-ether, 
carbon disulphide, or some other appropriate solvent 
(if possible, one that does not mix with water), 
shake the liquids, separated from any insoluble 
residue, first with water, then again with water acidi- 
fied with hydrochloric or nitric acid, and examine the 
solutions thus obtained by the usual course of analy- 
sis. If a residue remains after treatment with ether 
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or one of the other solvents mentioned, examine it 
according to 6. 

6. It is of a diffebeot nature, e,g,, v^oody fiber, 
etc. 

a. In the first place, endeavor to extract any 
substances which are soluble in acids, by means of 
hydrochloric acid, nitric acid, or aqua regia, and 
use this solution (which ma}^ be decolorized, if 
necessary, by passing in chlorine, or heating with 
bromine or potassium chlorate) for the detection 
of metals and acids according to the usual course. 

If a residue remains which is insoluble even in aqua 
regia, wash it with water, and if the presence of 
sulphur is suspected, dry it and warm it with 
petroleum-ether or carbon disulphide, and filter. 
Carefully incinerate the residue thus left, and test 
it by § 239. 

In order to test for metals whose compounds 
do not volatilize at a moderate red heat, or which 
are not volatilized by the action of carbon upon 
their compounds at such a temperature,* a portion 
of the residue insoluble in water may be heated to 
partial or complete incineration in a porcelain or 
platinum vessel, avoiding too high a temperature. 

Then warm the residue with hydrochloric acid and 
a little nitric acid, dilute with water, and examine 
the solution according to § 226, but any residue by 
§239. 

y. Test another portion of the residue for am- 
monia, by triturating it with calcium hydroxide and 
a little water. 

3. The substance does not admit op piltbatton or any 285 

OTHER MEANS OP SEPARATING THE DISSOLVED PROM THE UN- 
DISSOLVED PART. 

Treat the substance in the same manner as prescribed 
ior a residue insoluble in water in 284. 

As regards the operation to be carried out according 


* The compouuds of mercury, arsenic, cadmium, zinc, and, upon strong 
dgnition, those of lead and antimony, are volatile under such conditions. 
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to 284, 6, /3, it is often advisable to boil the mass (car- 
bonized at a gentle heat) with water, filter, examine the 
filtrate by itself, wash the residue, incinerate it, and ex- 
amine the ash. 

4. The following method, proposed by E. Millon,* is 
of VERT GENERAL APPLICATION for the detection of metals 
when mixed with organic matter : Transfer the tritu- 
rated substance to a tubulated retort, and add about four 
times its weight of concentrated sulphuric acid. The 
retort should not be more than one third full. Heat 
slowly till the mass is disintegrated or dissolved, and 
then, placing a funnel-tube in the tubulure of the 
retort and gently increasing the temperature, gradually 
add nitric acid. The object of this first operation (which 
will take about half an hour) is to decompose chlorides. 
Now remove the mixture to a platinum dish, and heat till 
the sulphuric acid, which by degrees loses its black color 
and turns orange or red, begins to escape. Add more 
nitric acid in small portions. After each addition, the 
fluid is decolorized, but it turns darker again on further 
heating. Continue adding nitric acid until no more color- 
ation occurs, and finally expel the sulphuric acid, when a 
pure white, saline mass will be obtained, which is to be 
analyzed in the usual way. According to Millon, if the 
heat is moderated towards the end, none of the arsenic 
or mercury will be lost ; but this cannot be depended on 
when considerable quantities of chlorides are present. 

5. To SEPARATE SALTS FROM COLLOID ORGANIC MATTER, 

dialysis (§ 8) is often very advantageous.t The substance 
is brought into the dialyzer according to circumstances, 
sometimes directly, sometimes after warming with hydro- 
chloric acid or even with hydrochloric acid and potas- 
sium chlorate (compare also § 261). 

6. K it is not desired to use the method given in 6, 
which requires somewhat more time, the detection of the 


* Journ, de Pharm. et de Chim., 46, 88 ; Zeitschr. f analyt. Chem., 4^ 
208. In regard to a modification of Millok’s process proposed by Pouohet,. 
compare Zeitschr. f analyt Chem., 21, 806 

t Compare O. Rbveil, Zeitschr. f. analyt. Chem., 4, 266 ; Bizio, ibid,, 

61 ; Ribdbrbb, ibid,, 7, 617 ; H. Strxtvbj, ibid,, 24, 72. 
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halogens may be efiPected by mixing the substance with 
about four parts of pure sodium carbonate, igniting the 
mixture for some time, and finally detecting the halogens 
in the colorless aqueous extract.* 

7. Ip the special object is the detection of arsenic 

IN FABRICS, WALL-PAPERS, AND THE LIKE, as well as in dyes 
(especially aniline dyes), this is attained by the follo^-ing 
processes : 

a. Pour 100 cc of pure hydrochloric acid, of 1.19 
sp. gr., upon 20 to 30 g of the substance f under 
inyestigation (after cutting it into small pieces, if 
necessary), in a tubulated retort of about 500 ce 
capacity. The neck of the retort should be drawn 
out and bent down at an obtuse angle. Place the re- 
tort so that the part of the neck next to its body 
slants upward, while the other part is inclined some- 
what steeply downward. The latter is introduced 
into the cooling-tube of a Liebig’s condenser, and 
the joint is closed with a piece of rubber tubing. 
The cooling-tube is connected air-tight with a tubu- 
lated receiver of about 700 cc capacity. The latter 
is charged with 200 cc of water, and, to keep it cool, 
is placed in a dish of cold water. Connect the 
tubulure of the receiver with a Pbligot’s tube con- 
taining water. After about an hour, introduce into 
the retort 5 cc of a cold saturated solution of ferrous 
chloride prepared from the crystals, and heat the 
contents. After the excess of hydrogen chloride has 
escaped, raise the temperature so that the liquid 
comes to boiling, and distil until the contents begin 
to froth strongly. Now allow the retort to cool, 
again introduce 50 cc of hydrochloric acid of 1.19 
sp. gr., and distil again in the same way. 

Dilute with water to 600 or 700 cc, the distillate, 


* OoncerDing other methods proposed for the same purpose, compare 
Marsh, Pharmac. Centralhalle, 1889, p. 515 , Thoms, zTnd., 1893, p. 10 

f If one cannot or does not wish to use so much substance (eg., in the 
examination of dyes), the quantities of thehydrochloiio acid, ferrous chloride, 
etc., are to he reduced to correspond to the amount of substance. In this 
case, a smaller retort and receiver should he selected. 
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which is colored brown by organic substances and 
to which the contents of the P^iigot’s tube are added, 
and pass in pure hydrogen sulphide gas, first while 
warm, then in the cold. 

After about 12 hours, filter off the brown precipi- 
tate (consisting partly or wholly of organic sub- 
stances) upon an asbestus filter, which is prepared by 
introducing asbestus into a funnel provided with a 
glass stop-cock, wash the precipitate to some extent, 
close the stop-cock, and treat the precipitate in the 
funnel, while the latter is covered with a watch-glass, 
with a few cubic centimeters of a solution of bromine 
in hydrochloric acid of 1.19 sp. gr. After this has 
acted for about half an hour, allow the solution to 
run out mto the precipitating-fiask, upon the walls 
of which particles of the hydrogen sulphide precipi- 
tate are frequently still adhering. Wash the residue 
on the asbestus filter with the strong hydrochloric 
acid frequently mentioned, add ferrous chloride to 
the contents of the flask in sufficient excess, and nnse 
the whole, with the aid of the strong hydrochloric 
acid, into the retort of a smaller distilling apparatus 
similar to the one already described. Distil the 
liquid down rather far, let it cool, again add 50 cc of 
the hydrochloric acid of 1.19 sp.gr., and distil once 
more. Dilute the distillate, with the contents of the 
Peligot’s tube, to about 500 or 700 cc, and treat 
with hydrogen sulphide as given above, to separate as 
arsenious sulphide any arsenic that may be present 
(B. FBESEimrs and E. Hintz). If it is desired to have 
the arsenic as a mirror, treat the sulphide of arsenic 
according to 800.* 

b. The method prescribed in Sweden is based 
upon the same principle, and is carried out, ac- 


* The presence of arsenic in the substance examined cannot be considered 
as shown with entire certainty, however, unless a blank experiment with the 
same hydrochloric acid, the same ferrous chloride, and carried out in the same 
retort* has given a negative result. Attebbebg (Chem. Oentralbl., 1885, p. 
800) prefers to evaporate the distillate containing arsenic with nitric acid, to 
dissolve the residue in water, and to convert the arsenic acid into sflver arsenate. 
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cording to the most recent agreement of the Swedish 
commercial chemists, in the following manner : * 

A flask of about 300 cc capacity is connected with 
an open receiver by means of a 50 cc pipette, bent 
twice at right angles. The receiver holds about 100 
cc, and is half filled with water, into which the point 
of the pipette dips a little. Place the sample in the 
flask, add 2 g of arsenic-free ferrous sulphate, and 
cover with from 50 to 80 cc of arsenic-free, concen- 
trated hydrochloric acid of 1.18 to 1.19 sp. gr. In 
the case of bronze colors or other metallic substances, 
2 or 3 g more of arsenic-free ferrous sulphate are to 
be added. Heat the flask and keep the hydrochloric 
acid boiling as long as the pipette can be held in the 
hand. To the distillate obtained, either add 50 cc of 
saturated hydrogen sulphide water, or dilute with 50 
cc of water, and pass in hydrogen sulphide gas. After 
standing for 12 hours, the precipitated sulphide of ar- 
senic is filtered upon a small filter, washed until the 
acid reaction disappears, and then dissolved in 5 cc 
of dilute ammonia (1 volume of ammonia of ,96 sp. gr. 
and 1 volume of water). After the addition of .02 
g of sodium carbonate, the solution is evaporated to 
dryness on a watch-glass, the residue is triturated 
with about .8 g of a mixture of sodium carbonate and 
potassium cyanide, and reduced in a bulb-tube of 
absolutely arsenic-free glass in a stream of carbonic 
acid, in the well-known manner. The bulb-tube is 
fashioned in such a way that the narrow part in 
which the arsenic should deposit is attached directly 
to a bulb of about 2 cm diameter. 

c. If a dye is under investigation, mix it with 2 
parts of sodium carbonate and 2 parts of sodium 
nitrate, or soak the fabric or wall-paper with a con- 
centrated solution of this mixture, and dry completely. 
Then fuse some sodium nitrate in a small dish of 
genuine porcelain, and, with continued heating, grad- 
ually introduce the substance prepared according to 


^ Compare Zeitschr. f. analjt. Chem., 34, 69. 
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the foregoing directions, while more sodium nitrate 
is added from time to time, if necessary, A mass is 
thus obtained which is free from carbon and organic 
substances. After cooling, soak it out with water, 
filter off the alkaline liquid, wash the residue, add 
to the filtrate and washings as much dilute sulphuric 
acid as is necessary to expel the carbonic, nitrous, 
and nitric acids, then evaporate, at first upon the 
water-bath, finally at a somewhat elevated temper- 
ature, until heavy sulphuric acid vapors begin to 
escape, allow the residue to cool, dilute and filter. 
This liquid may now be used directly in the 
Marsh apparatus, in order to test it for an arsenic 
mirror (§ 155, 10), or it may be precipitated with 
hydrogen sulphide after the addition of a few drops 
of hydrochloric acid, and any precipitate resulting 
may be treated according to 300. 

d. As is easily perceived, in many cases a simpler 
process will suffice for obtaining from wall-papers, 
fabrics, etc., a liquid which may be tested directly in 
the Marsh apparatus. Of the many methods proposed 
for this purpose, only the one recommended by H, 
Fleck will be given.* 

Digest the object of investigation, finely cut up, 
for from 18 to 24 hours at 50° or 60°, with 50 or 
100 g of pure 25 per cent sulphuric acid. If any 
coloring matter is still visible upon the object after 
the digestion (which is very seldom the case) add 
from 3 to 6 g of pure nitric acid of 1.24 sp. gr. for 100 
g of the 25 per cent sulphuric acid, and continue the 
digestion until all the remnants of color are destroyed. 
Filter, wash, dilute to 200 cc, and test the liquid in 
Marsh’s apparatus, adding it in portions of 20 co. 

If nitric acid has been added, the liquid must be 
evaporated untiTall of this is removed, before diluting 
to 200 oc-t 

* Zeitschr. f. analyt CRem., 22, 474. 

+ regal ds other methods proposed for the same purpose, compare H. 

Hagbr, Zeitschr. f. analyt Chem., 11, 478 ; E. LwmmwB 22, 147 ; Q. 

THOiffB, ibid., 22, 475 ; PoiaHSKS, Pharmac, Oentralhalle, 1889,’ p. 
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e. In the solution prepared according to d, the 
arsenic may, of course, be detected by one of the 
rapid methods given in § 157, 7, e or /, instead of using 
Marsh’s apparatus. 

8. In relation to the official prescription for establishing 
the presence of arsenic and tin in colored articles of food, 
compare Zeitschr. f. analyt. Chem., 27, 471. 

9. For the detection of iodine in urine, the following 
methods are recommended : 

a. If the urine is clear and but little colored, the 
iodine is usually easily detected by mixing the urine 
in a test-tube with a little carbon disulphide, a drop 
of a solution of nitrous acid in concentrated sul- 
phuric acid, and shaking (§ 184, 10). If the urine 
should have an alkaline reaction, acidify it first with 
dilute sulphuric acid. 

5. If the character of the urine does not admit of 
making the test in the simple manner described in a, 
evaporate it to dryness with the addition of some 
caustic potash, ignite the residue gently for a long 
time, treat it with water, filter, acidify with dilute 
sulphuric acid, and detect the iodine in the solution 
according to § 184, 8 or 10.* 

2. Detection of Inorganic Poisons in Articles of Food^ 
in Dead Bodies^ etc., in Ohemicodegal Cases, f 

§268. 

The chemist is sometimes called upon to examine an 268 
article of food, the contents of a stomach, a dead body, 
etc., with a view to detect the presence of some poison, 
and thus to establish the fact of accidental or wilful 
poisonmg. It is more frequently the case, however, that 
the question put to him is of a less general nature, and 

* Ooncerning other methods for detecting iodine in urine, compare P. 
Pboibka, Chem. CentraibL, 1888, p. 626 ; E. Harnack, i&id., 1884, p, 8F 
C. Schwarz, ibid., 1887, p. 1625; A. P. Jollhb, Zeitschr. f. analyt. Chem., 
30, 288, and 33, 548. 

f Compare FBBSBimTS, Ann. d. Chem. u. Phaim., 49, 275; and 
pBBSENitJS and v. Babo, Ann. d. Chem. u. Pharm., 49, 287. 
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that he is called upon to determine whether a certain 
substance placed before him contains a metallic poison^ 
or, more pointedly still, whether it contains arsenic or 
hydrocyanic acid, or some other particular poison ; for it 
may happen either that the symptoms point clearly to 
a certain poison, or that tho examining magistrate has, 
or believes he has, some other reason to put such & 
question. 

It is obvious that the task of the chemist will be the 
easier, the more special and pointed the question which 
is put to him. However, the analyst will always act 
most wisely, even in cases where he is simply requested 
to state whether a certain poison (e,gr., arsenic) is present, 
if he adopts a course which will not only permit the de- 
tection of the one poison specially named, the presence 
of which may perhaps be suspected on insufficioni 
grounds, but will also inform himself as to the presence 
or absence of other similar poisons. 

But we must not go too far in this direction, for if an 
attempt were made to devise a method that would em- 
brace all poisons, we might succeed in elaborating such 
a method at the writing-desk, but experience would 
speedily show that the complexity inseparable from such 
a course must impede the execution of the process, and 
impair the certainty of the results to such an extent that 
the drawbacks would be greater than the advantages to 
be derived from it. 

Moreover, the attending circumstances usually permit 
at least a tolerably safe inference as to the group to 
which the poison belongs. Acting on these views, the 
following methods are here given : 

1. A method which insures the detection of the 
minutest traces of arsenic that can be taken into 
consideration in legal investigations, allows of its 
quantitative determination, and at the same time 
permits the detection of all other metallic poisons. 

2. A method to effect the detection of hydrocyanic 
acid, which leaves the substance still fit to be ex* 
amined both for metallic poisons and for alkaloids. 

3. A method to effect the detection of phosphorus. 
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which does Dot interfere with the examination for 

other poisons. 

This part of the book, therefore, is not designed to be 
a complete guide in every possible case of chemico-legal 
investigation. The instructions given, however, are the 
tried and proved results of personal experience. More- 
over, they will generally be found sufficient, especially 
as in the section on the alkaloids, a description is given 
of the best processes by which the detection of these 
poisons may be effected in legal cases. 

Where there are no indications of the sort of poison 
to be looked for, so that it is necessary to take all 
poisons, both inorganic and organic, into consideration, 
begin by carefully inspecting the substance, with the aid 
of a microscope it necessary, by noting the odor, reaction, 
etc., and then, if the circumstances permit, proceed to 
examine separate portions for the different classes of 
poisons. Test for hydrocyanic acid and phosphorus (a 
•single distillation usually suffices for the detection of 
both), afterwards for alkaloids, and finally for metallic 
poisons. If various objects are to be examined, such as 
food, vomit, contents of the stomach, of the intestines, 
urine, organs (liver, spleen, etc.), it is important, as a 
rule, that each object should be examined separately. 
As an obvious matter of caution, one third of the sub- 
stance, after weighing and mixing, should always be re- 
served for unforeseen contingencies, and, if the case 
requires it, for determining in what state of combina- 
tion a suspicious element which is found exists. 


I. Method eor the Deteotton oe aebeiho (with due Eb- 

GARD TO THE POSSIBLE PbESENCQS OP OTHER MeTALLIO 

Poisons.) 

§ 269. 

Of all metallic poisons, arsenic is the most dangerous 28T 
and the most frequently used for the wilful poisoning of 
others. Among the compounds of arsenic, arsenious 
oxide (white arsenic) occupies the first place, because it 
kills even in small doses, it does not betray itself (or at 
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least -very slightly) by the taste, and it is readily proour- 
able. 

As arsenious oxide dissolves in water only sparingly, 
and (on account of the difficulty with which moisture 
adheres to it) very slowly, the greater portion of the 
quantity swallowed usually exists in the body in the un- 
dissolved state. Moreover, as the smallest grains of it 
may be readily detected by means of an exceedingly 
simple experiment ; and (even though arsenic occurs in 
other compounds in ochres, colored cloths, etc.) as it is 
certain that arsenious oxide in grains or powder is never 
normally present in foods, in the human body, or in the 
contents of decayed coffins,* the particular care and efforts 
of the analyst ought always to be directed to the detec- 
tion of the arsenious oxide in substance, and this end 
may be usually attained. In searching for the oxide, me- 
tallic arsenic (which may be also used for poisoning) may 
be found in the same way in case it is still present as such. 


4. Method for thb Detection of undissolved Arsenious Oxide 
or Metallic Arsenic. 

§260. 

1. If food, vomit, or some other matter of the kind 888 
to be examined, weigh it, mix the whole as uni- 
t^ormly as may be practicable, reserving one third for con- 
tingencies, and mix the other two thirds in a porcelain 
dish with distilled water. Let the mixture stand a little, 
then pour off the fluid, together with the lighter sus- 
pended particles, into another porcelain dish. Eepeat 
the latter operation several times, if possible with the 
same fluid, pouring it from the second dish back into the 
first and so on. Finally, wash once more with pure 

waa once intrusted with the examination of the entirely decomposed 
remains of a long-hnried child, which were in a small coffin painted with 
ochre. The cover of the cofiSn had a decayed opening, so that the decom- 
posed wood was mixed with the remains. The contents of the coffin con- 
tained a very small amount of arsenic, hut not more than the ochre paint on a 
surface of the ooffln-cover equal P) that which had fallen in. The remains of 
the body as such, therefore, contained no arsenic. 
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water (best in a glass dish), remove the fluid as far as 
practicable, and observe whether any small, white, hard 
grains which feel gritty under the glass rod (arsenious 
oxide), or also any black grains or scales (metallic ar- 
senic), are to be found in the dish. If not, proceed as 
directed in § 261 or § 262. But if so, pick out the sus- 
pected grains, or some of them, if possible, with a pair 
of pincers, or, if they are very minute, wash them further 
in a watch-glass, dry and weigh them, and heat a small 
portion in a glass tube. Arsenious oxide gives a subli- 
mate consisting of small, brilliant octahedrons or tetra- 
hedrons, while metallic arsenic gives a mirror at once. 
If the former sublimate is obtained, test another frag- 
ment as to its behavior upon heating with a splinter of 
charcoal (§ 155, 2). If the last experiment gives an 
arsenic mirror, it is quite safe to conclude that the grains 
consist of arsenious oxide. If it is desired to determine 
the quantity of the arsenic, or to test for other metallic 
poisons, unite the contents of both dishes, and proceed as 
directed in § 261 or § 262. 

2. If a stomach is submitted for analysis, empty the 
contents into a porcelain dish, turn the stomach inside 
out, and (a) search the inside coat for small, white, hard, 
sandy grains, or, as the case may be, for black grains or 
scales. The spots occupied by such grains are often red- 
dened, and the grains are also frequently found flrmly 
imbedded in the membrane, (b) Mix the contents in the 
dish uniformly, weigh them, put aside one third for con- 
tingencies, and treat the other two thirds as in 1. The 
same course is also pursued with the intestines. In 
other parts of the body (with the exception perhaps of 
the pharynx and oesophagus), arsenious oxide or metallic 
arsenic cannot be found in grains, if the poison has been 
introduced through the moutL If grains of the kind 
described have been found, examine them as directed in 
1 ; if not, or if it is desired to test also for other metab 
lie poisons, proceed according to § 261 or § 262. 
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J5. Mdihod of detecting solvUle ATseniccd and other MetdlHc Cotifi'^ 
pounds by meam of Dialysis* 

§261. 

If method A has failed to show the presence of 2B9 
arsenious oxide in the solid state, and the process (de- 
scribed in § 262) in which organic matter is coagulated or 
destroyed by potassium chlorate and hydrochloric acid 
is at once resorted to, the operator must, in the event 
of the presence of arsenic being revealed, give up all 
notion of ascertaining, as far as the portion operated 
upon is concerned, in what form the poison has been ad- 
ministered ; for the process will give a solution contain- 
ing arsenic acid, no matter whether the poison was 
originally present in that form, or as arsenious oxide, or 
as sulphide, or in the metallic state, etc. This defect 
may be remedied, however, by interposing a dialytic ex- 
periment between the operations described in A and 0. 

The experiment requires the apparatus shown in Fig. 

6, § 8. The hoop is naade of wood, or, better, of gutta- 
percha ; it is 6 cm in depth, and 20 to 30 cm in diameter. 
When the dialyser has been set up in perfect condition, 
the residue and fluid of § 260 (having been mixed, if 
the case requires it, with two ^irds of the stomach, intes- 
tinal canal, etc., cut small, and the whole, digested for 
24 hours at about 32®) are poured into the dialyser to 
the depth of not more than 15 mm. The dialyser is 
then floated in a vessel containing about four times as 
much water as the fluid to be dialysed amounts to. After 
24 hours, one half or three fourths of the crystalloids will 
be found in the external water, which generally appears 
colorless. Concentrate this by evaporation on the water- 
bath, acidify the greater part with hydrochloric acid, 
treat with hydrogen sulphide, and proceed as directed 
in 291. If an arsenical compound soluble in water (or 
some other soluble metallic salt) is present, the corre- 
sponding sulphide is obtained almost pure. By floating 
the dialyser successively on fresh supplies of water, the 


* Compare % 8. 
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whole of the soluble crystalloids present may be finally 
withdrawn. If arsenic is found, test the remainder of 
the concentrated dialysate according to § 157, 12, to see 
whether arsenious or arsenic acid is present. 

It is generally best to examine the exhausted con* 
tents of the dialyser at once, according to § 262, for com- 
pounds of metals insoluble in water, but in some cases 
(for instance, when it is wished to determine the state 
of oxidation or combination of compounds of arsenic or 
other metals), it is preferable to heat the matter first with 
dilute hydrochloric acid, and to dialyse it again. 

Instead of interposing the dialysis at this stage (and 
thus lengthening the time of the investigation), it may 
be better to wait till the close of the operation described 
in 0, and then if a metallic poison has been found, and 
it is desired to ascertain its state of oxidation and form 
of combination (compare 308), recur to this paragraph, 
using the reserved one third for the experiment This 
method is to be preferred in most cases. 

0. Method for the Defection of Arsenic in whatever Form it 
may exist, which allows also of its Quantitative Deter* 
minaJtion, and of the Detection of dU other MetaUio 
Poisons."^ 

% 262. 

If no arsenious oxide or metallic arsenic has been 
lound as such, by the method described in A, nor a solu- 
ble arsenical compound by dialysis, evaporate the mass 
'(which has been diluted by washing) to a pasty consis- 
tence (if it should be acid, after the addition of pure 
sodium carbonate until this is just in excess) in a porce- 

’*The following process Is essentially that which I worked out and pub* 
lished in association with L. v. Babo in 1844 (compare Ann. d. Chem. u. 
Pharm., 49, 308). I have since used it in many cases, and have had it used un- 
der my supervision, and it has always been trustwcrthy Concerning the dis- 
tribution of arsenic in the animal organism after the incorporation of ar- 
senious acid, compare B. Ludwig, Zeitschr. f. analyt. Chem., 90, 608. 
[Gautibb’s process for the detection of arsenic, as modified by Johnson and 
•Chittbndbn, is speedy and simple, andrequiies but few reagents, all of which 
maybe purchased absolutely free from arsenic. (See Amer. Chem. Jour., 8, 
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lain dish, on the water-bath, adding, if occasion requires, 
two thirds of the stomach and intestines, cut small, pro- 
vided this has not been done already in the process of 
dialysis. In examining other parts of the body (the lungs, 
liver, etc.), cut them also into small pieces, and use two 
thirds for the analysis. If, from any cause, the substance 
to be treated should contain alcohol, this should first be 
removed under all circumstances, by evaporation. 

The process is divided into the following parts 


*It is self-evident that only such utensils and leagents can be used for 
such an investigation as those concerning which the operator is convinced by 
the most careful selection and testing, that they are free fiom arsenic, heavy 
metals in general, and other impurities. The process to be described requires 
the following reagents : 1 Hydrochloric add, 1.10 to 1.12 ap. gr — (In addi- 
tion to the method given in § 29 for the pieparation of arsenic-free hydro- 
chloric acid, that recommended by Beceubts, Zeitschr. f. analyt. Chem., 
24 , 483, answei-s the purpose well.) Although the examination of hydro- 
chloric acid in regard to its puiity has already been mentioned in § 29, still 
attention must be called to the fact that extraordinaiy care is necessary in 
testing it for arsenic, because the acid is used in considerable amount. For 
delicate testing for this metal, the following methods are especially appropri- 
ate: a. Heat 1 litei of the acid with the addition of some pu7*6 ferrous chloride 
or ferrous sulphate in a distilling appaiatus, and test the first 50 cc which go 
over, by means of arsenic-free zinc, to find whether it shows itself free from 
arsenic in testing according to the methods given in § 157, 7, c and f ; also 
whether it gives no trace of an arsenic coating in the glass tube in the appa- 
ratus described in § 155, 10, even after continuing the experiment for a long 
time, h, Evapoiate 1 liter of the acid down to a small residue in a dish of 
genuine porcelain, after the addition of some water and a/««o fragments of pure 
potassium chlorate, adding some water fiom time to time, and test the residue 
as diiected in a, in Marsh’s apparatus (Rob Otto, in Fb J. Otto’s “ Anleit 
zur Ausmittelungder Gifte,” sechste Aufi., von Rob, Otto, p 146) The/sr- 
Tou$ chloride required for testing in a is prepared by dissolving iron wire in 
pure hydrochloric acid of 1.10 to 1.12 sp. gr., and heating the solution for a 
long time in a distilling apparatus. As soon as no traces of arsenic are to be 
detected in the distillate, the feiTous chloride is free from arsenic. If leirous 
sulphate is used, this must be tested in the same way by heating with concen- 
trated hydrochloric acid in a distilling apparatus. 2. Potassium chlorate, — The 
safest way to test this is to heat a large quantity with twice its weight of 
water to boiling, and to allow it to crystallize while being stirred. Then place 
the mass of salt upon a funnel, allow the mother-liquor to drain oflf, decom- 
pose the latter by warming it with dilute arsenic-free hydrochloric add, and 
test a portion with hydrogen sulphide and afterwards with ammonium sul- 
phide for any heavy metals. Evaporate another portion to a small volume, 
with occasional addition of some water, and test the solution of this in 
Mabsh’s apparatus, 8, Bydrogetif sulphide gas. — Since the hydrogen sulphide 
produced by the action of hydrochloric or sulphuric acid upon iron sulphide- 
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1. Decoloration and Solution. 

Add to the matter in the porcelain dish (which, for ex- 290 
ample, may amount to 100 or 250 g) a quantily of pure 

often contains some hydrogen arsenide, in consequence of the presence of ar- 
senic in the materials, the gas should not he prepared in this way for legal in- 
vestigations, or, at least, not without previous purification. In such cases, the 
gas must either be evolved from arsenic-free malerials, or, if produced in 
the usual way, it must be purified before use. Several methods of purification 
which serve the purpose have been recently lecommended, viz., combining 
the hydrogen sulphide with magnesia to form hydrosulphide (DrvEiis and 
Shimidzu, Zeitschr. f. analyt. Chem., 24, 243), passing the gas ovei potassium 
sulphide heated to 860“ (0 v. d. Pfordtbn, Ber, d. deutsch. chem. 
Gesellscb., 17. 2897); washing the gas by a system of bottles containing hy- 
drochloric acid of varying concenti ation (W. Lbnz, Zeitschr. f. analyt. Chem., 
22, 893) , or passing the gas over dry iodine ( J acobsen, ibid. , 29, 737 ; O Brttnn, 
Chem. Ceutralbl., 1888, p 1376). Neveitheless, 1 consider it much safer to 
evolve the gas from arsenic-fiee materials, and, in fact, from calcium 
or barium sulphide which has been produced by igniting gypsum or heavy- 
spar with carbon. According to Kosmann, barium sulphide has been in use 
for the purpose of evolving hydrogen su'phide, for at least 80 years in the lab- 
oratory of the £cole des Mines m Paiis, directed by Hivot. Calcium sulphide 
has been i ecommended by Rob. Otto (Fb J Otto’s “Anleit. zur Ausmittel- 
ung der Gifte," 0te Aufl., von Dr. Rob Otto, p. 168). He recommends the 
following method for preparing it and for evolving the gas . Make a stiff paste 
from 7 parts of dehydiated gypsum, 8 parts of charcoal powdei, and 1 part of 
lye flour, with water ; foim this into balls or cylinders ; dry it completely, and 
ignite it in a well-covered Hessian crucible at a strong, bright red heat. Place 
the coarsely biokeu calcium sulphide in a Woulfe’s bottle, one tubulure of 
which is provided with a funnel having a glass stop-cock, while the delivery- 
tube is inserted in the other. If pure hydiochloric acid is allowed to flow 
from the funnel-tube, drop by drop, upon the calcium sulphide, which is cov- 
ered with water, a pietty constant stream of pure hydrogen sulphide is evolved, 
if the apparatus is shaken sufficiently. Concerning other methods of produc- 
ing arsenic-free hydrogen sulphide, compare Zeitschr. f. analyt. Chem., 23, 
280 , O. V. D. Pfobdten, Ber. d. deutsch. chem. Gesellscb., 17, 2898 ; 
Hampe, Zeitschr. f. analyt. Chem., 31, 557. 4, Bed, fuming nitric acid. — For 
the purpose of testing this, evaporate a large portion upon the water-bath to 
dryness, and test the aqueous solution of any residue left, on the one hand 
with hydrogen sulphide and ammonium sulphide, and on the other, in 
Marsh’s apparatus. 6. Concentrated sulphuric acid ^The testing of this has 
already been mentioned in § 25. The experiment with the Mabsh’s apparatus 
must be continued for a long time in oider to obtain a reliable result. 6. 
Sodium carbonate — For testing this, see § 49. 7. Sodium nitrate. — This must 
give a clear solution with water. The solution ought not to give a yellow 
precipitate when heated with the solution of ammonium molybdate in nitric 
acid (§ 166, 9). Hydrogen sulphide ought not to give a precipitate in the 
acidified solution, nor ammonium sulphide in the neutral one. 8. BoiaeHum 
cyanide.— ‘Y ot testing this, see § 57. It should never be neglected to prove 
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hydrochloric acid, of LIO to 1.12 sp. gr., about equal to 
or somewhat exceeding the weight of the dry substances 
present, and sufficient water to give to the entire mass the 
consistence of a thin paste. The quantity of hydrochlo- 
ric acid added should never exceed one third of the entire 
liquid present. In the very first place add to this about 
2 g of potassium chlorate,* and heat upon the water- 
bath. When the liquid has attained the temperature of 
the water-bath, add more potassium chlorate in portions 
of from .6 to 2 g, at intervals of 6 or 10 minutes, with 
stirring, until the contents of the dish are nearly homo- 
geneous and fluid, and also as a rule have become light 
yellow, and this color is retained upon continuing the 
heating for 15 or 30 minutes longer. Eeplace the evapo- 
rating water from time to time. When this point is at- 
tained, add again a portion of potassium chlorate, and 
then remove the dish from the water-bath. When the 
contents are quite cold, transfer them cautiously to a linen 
strainer or a filter (according to the quantity), allow the 
whole of the fluid to pass through, and heat the filtrate 
on the water-bath with renewal of the evaporating water, 
until the smell of chlorate has nearly or quite disap- 
peared. Wash the residue well with hot water, dry it, 
designating it as I, and reserve it for further examination, 
according to 802. Evaporate the washings on the water- 
bath to about 100 cc, and add this liquid, together with 
any precipitate that may have formed therein, to the 
principal filtrate, f 

that this reagent, when mixed with pure sodium carbonate in a porcelain 
boat nod heated persistentlj in the apparatus described in § 155, 18, gives 
no trace of a dark deposit in the glass tube. 9. Test the washed jUier-papm 
used, by moistening a number of them with hydrochloric acid, then allowing 
them to stand for a longtime, washing out the hydrochloric acid with some 
water, and testing the dilute acid thus obtained, according to 1. 

* If it is not wished to introduce potassium into the mass, instead of potas- 
sium chloiate, pure chloric acid (as recommended by SoNisTHiNSOHETN and 
Jessbrich, Zeitschr. f. analyt. Ohem., 22, 473) may be employed with the best 
success. 

+ Tbe frequently expressed fear that arsenic, antimony, or tin might vol- 
atilize during the treatment described I have shown to be unfounded from 
repeated experiments in which hydrochloric acid of the same concentration 
was used (1 part of hydrochloric acid of 1.13 sp. gr., to 2 parts of water). 

In the case of urine, the treatment with hydrochloric add and potassium 
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2. Treatrnmt of the Solution with Hydrogen Sulphide. 291 
(Separation of the Arsenic as Snlphide, or of all the 
metals of Groups V and VI in the form of Sulphides.) 

Transfer the fluid obtained in 1 (which amounts to 
about four times the quantity of the hydrochloric acid 
used) to a flask, heat it on the water-bath to 70*^, and 
transmit through it, for about 12 hours, a slow stream of 
washed hydrogen sulphide, then let the mixture cool, con- 
tinuing the transmission of the gas; rinse the delivery-tube 
with some ammonia, acidify the ammoniacal solution thus 
obtained, and add it to the principal fluid, cover the 
flask lightly with fllter-paper, and put it in a moderately 
warm place (about 30®) until the odor of hydrogen sul- 
phide has nearly disappeared. Collect the resulting 
precipitate on a rather small Alter, and wash with water 
containing hydrogen sulphide UTdiL the woehirgs are free 
from chlorine. Concentrate the filtrate and washings 
after saturating them again with hydrogen sulphide. If 
a precipitate forms, filter it off, wash, and add to it the 
principal hydrogen sulphide precipitate. In a flask of 
proper size mix the concentrated fluid with ammonia to 
alkaline reaction, then with ammonium sulphide ; closely 
•cork the flask, which must now be nearly full, and re- 
serve it for further examination according to 306. 

3. Pwrification of the Precipitate produced hy Hydrogen 293 

Sulphide, 

The precipitate obtained in 2 contains the whole of the 
arsenic and all the other metals of the fifth^ and sixth 

chlorate is usually unnecessary. After being acidified with hydrochloric acid 
it may usually be subjected to the treatment with hydrogen sulphide prescribed 
in 291. 

Many other methods of destroying organic matter have been proposed, 
a summary of which is to be found in G. DRAGEHnOBiT’s work, “ Die 
gerichtlichychemische Ermittelung von Giften,” 3. Aufl., p. 352 et Beq, In 
■addition, attention may be called to the method recommended by Zucoo 
(Ohem. Centralbl., 1888, p. 1598). 

* Lead sulphide and cadmium sulphide do not precipitate from very acid 
-solutions If lead or cadmium should remain in solution on this account, it 
is found in the precipitate by ammonium sulphide (306). When mercury was 
present, only a part of it may have gone into solution under certain ciroum- 
atances (Lecoo, Ludwic) ; the rest of it is found in Residue I (compare 3Q2). 
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groups, in the form of sulphides, and also organic mat- 
ter and free sulphur. Dry it completely with the filter 
in a small porcelain dish, over the water-bath, add pure, 
fuming nitric acid (entirely free from chlorine), drop by 
drop, until the mass is completely moistened, then evap* 
orate to dryness on the water-bath, and repeat this 
treatment with nitric acid if necessary. Moisten the 
residue uniformly with pure concentrated sulphuric acid» 
previously warmed, then heat for 2 or 3 hours on the 
water-bath, and finally with an air-, sand-, or oil-bath at 
a somewhat higher, though still moderate, temperature 
(170°), until the charred mass becomes friable, and a small 
sample of it (to be returned afterwards to the mass) when 
mixed with water and then allowed to subside, gives a 
colorless or almost colorless, but not brownish, fluid ; 
should the aqueous fluid be brownish, or should the resi- 
due consist of a brown oily liquid, add to the mass some 
pieces of pure, well-washed, fine, dry filter-paper, and 
continue the application of heat. The heat may be raised 
till fumes of sulphuric acid begin to escape, without fear 
of loss of arsenic. By attending to these rules, the ob- 
ject in view will always be completely attained, vi^., the 
destruction of the organic substances, without loss of any 
of the metals. Warm the residue a little on the water- 
bath with a mixture of 8 parts of water and 1 part of 
hydrochloric acid, filter, wash the undissolved part re- 
peatedly with small amounts of hot water containing a 
little hydrochloric acid, complete the washing with boil- 
ing water, and to the filtrate add the washings, concen- 
trated, if necessary, by the evaporation of the last wash- 
water upon the water-bath. 

Dry the washed carbonaceous residue, then mark it 
n, and reserve it for further examination according to 
303. 

4. Preliminary Examination for Araemc cmd other Me^ 28S 

tcHlic Poieom of Growps V and YL (Second Precipi- 
tation with Hydrogen Sulphide.) 

The clear, colorless, or, at the most, somewhat yellow- 
ish fluid obtained in 8 contains all the arsenic in the 
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form of arsenious acid, and may also contain tin, anti- 
mony, mercury, copper, bismuth, and cadmium. Gradu- 
ally supersaturate a small portion with a mixture of am- 
monium carbonate and ammonia, and observe whether 
a precipitate is produced. When this question has been de- 
cided, acidify the portion with hydrochloric acid, which 
will redissolve the precipitate that may have been pro- 
duced by ammonium carbonate, then return the sample 
to the principal fluid, and treat the latter persistently with 
hydrogen sulphide, first at a gentle heat, afterwards with- 
out heat, exactly according to 291. 

This process may lead to three different cases, which 
are to be carefully distinguished, as follows : 

а. Hydrogen sulphide fails to produce a precipitate, 294 
even after a long time ; but on standing, a trifling 
white or yellowish-white precipitate separates. In 

all probability, in this case, no metals of Groups V 
and VI are present. Nevertheless, treat the filtered 
and washed precipitate as directed in 297, to guard 
against overlooking even the minutest traces of 
arsenic, etc. 

б. A precipitate is formed of a pure yellow color, 295 
like that of arsenious sulphide. Take a small por^ 
tion of the fluid, together with the precipitate sus- 
pended therein, add some ammonium carbonate, 
and shake for some time without heating. If the 
precipitate dissolves readily and (with the exception 

of a trace of sulphur) completely, and if in the pre- 
liminary examination (298) ammonium carbonate 
has failed to produce a precipitate, arsenic alone is 
present (at least, if any tin or antimony is present 
its amount is very slight). Mix the solution of the 
small sample in ammonium carbonate, with hydro- 
chloric acid to acid reaction, return this to the fluid 
containing the principal precipitate, and proceed as 
directed in 297, If, on the other hand, the addition 
of ammonium carbonate to the sample completely or 
partially fails to redissolve the precipitate, or if, in 
the preliminary examination (298), ammonium car- 
bonate has produced a precipitate, there is reason 
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to STippose that another metal is present, perhaps 
with arsenic. In this latter case, also, add to the 
sample in the test-tube, hydrochloric acid to acid 
reaction, return it to the fluid containing the principal 
precipitate, and proceed as directed in 298. 

c. A precipitate is formed of another color. In that 296 
case, it must be assumed that other metals are pres- 
ent, perhaps with arsenic. Proceed as directed in 
298. 

5. Treatment of the Ydlow Predpitaie produced hy 297 
Hydrogen, SidpMde, when, the Bes^s of 295 lead to the 
Assumption that Arsenic alone is present. (Determi* 
nation of the Weight of the Arsenic.) 

As soon as the fluid precipitated according to 293 
has nearly lost the smell of hydrogen sulphide, collect 
the yellow precipitate, if its amount is considerable, 
on a small filter, which has been dried at 100° and 
weighed; wash it first with water, then with absolute 
alcohol, and finally with pure benzol or petroleum-ether, 
in order to remove any admixed sulphur. After the 
benzol or petroleum-ether has been removed with ab- 
solute alcohol, diy the precipitate and filter at 100° to 
constant weight. If, on the other hand, the precipitate 
is very slight, free it from intermixed sulphur in the 
same way as described above, wash it at last with water, 
and dissolve it in ammonia-water ; then wash the filter 
(upon which nothing should remain undissolved in thin 
case) completely with dilute ammonia, evaporate the 
ammoniacal liquid in a small, accurately weighed 
porcelain crucible on the water-bath, and dry the residue 
at 100° until the weight no longer diminishes, and weigh 
it. The final weight of the precipitate upon the filter, 
or the residue in the dish, represents the quantity of 
arsenious sulphide, if upon the subsequent reduction 
this is found to be pure. In that case multiply the 
weight by .8049 to obtain the corresponding amount of 
arsenious oxide, or by .6098 to obtain the corresponding 
amount of metallic arsenic. Proceed with the precipi- 
tate, or the residue in the dish, according to 300. 
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6. Treatment of the T'dlow Precipitate product hy Hydro- 298 
gen, Svlphide when the HesvJts of 296 or 296 lead to the 
Asnumption that another Metal is present, perhaps with 
Arsenic. (Separation oi the Metals from each other. 
Determination of the weight of the Arsenic). 

If there is reason to suppose that the fluid precipi- 
tated according to 293 contains other metals, perhaps 
with arsenic, proceed as follows : As soon as the precip- 
itation is fully completed, and the smell of hydrogen 
sulphide has nearly disappeared, collect the precipitate 
on a small filter, wash thoroughly, pierce the point of the 
filter, and wash all the precipitate into a small flask, using 
the least possible quantity of water. Add to the fluid in 
which the precipitate is now suspended, first ammonia, 
then some yellowish ammonium sulphide, and let the 
mixture digest for some time at a gentle heat. Should 
part of the precipitate remain undissolved, filter this off, 
wash, pierce the filter, rinse off the residuary precipitate, 
mark it TTT^ and reserve for further examination, accord- 
ing to 80A Evaporate the solution or theyKtrofe, together 
with the washings, to dryness in a small porcelain dish. 
Treat the residue with some pure fuming nitric acid (free 
from ohlorine)^ nearly drive off the acid by evaporation, 
then add (as 0. Meier was the first to recommend) a soIup 
tion of pure sodium carbonate, in small portions, till in 
excess. Add now a mixture of 1 part of sodium carbon- 
ate and 2 parts of the nitrate, in sufficient yet not excessive 
quantity, evaporate to dryness, and heat the residue very 
gradually to fusion. Let the fused mass cool, and take 
it up with cold water. If a residue remains undissolved, 299 
filter, wash with a mixture of equal parts of alcohol and 
water, mark it IV, and reserve for further examination, 
according to 306. Mix the solution, which must contain 
aU the arsenic as sodium arsenate,* vrith the washings 
(previously freed from alcohol by evaporation), oau- 

*lf the substance under investigation ^ould contain a thallium com- 
pound, then the arsenic would not be in the solution, because upon treat- 
ing the orange-colored compound of sulphides of thallium and arsenic (see 
§ 180) with ammonium sulphide, the sulphide of arsenic is only incompletely 
dissolved. (Compare 804.) 
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tiously add pure dilute sulpliuric acid to strongly acid 
reaction, evaporate in a small porcelain dish, and when 
the fluid is strongly concentrated, again add sulphuric 
acid, to see whether the quantity first added has been 
suflBcient to expel all the nitric and nitrous acids, then 
heat cautiously until heavy fumes of sulphuric acid begin 
to escape. To the residue, after cooling, add 5 or 10 cc of 
an aqueous solution of sulphurous acid in order to reduce 
arsenic acid to arsenious acid, heat on the water-bath until 
the excess of sulphurous acid has escaped, dilute some- 
what with water, transfer the solution to a small flask, 
keep heated at 70®, and conduct into it for at least 6 
hours a slow stream of washed hydrogen sulphide gas. 

Let the mixture finally cool, continuing the transmission 
of the gas all the while. If arsenic is present, a yellow 
precipitate will form. When the precipitate has com- 
pletely subsided, and the fluid has nearly lost the smell 
of hydrogen sulphide, filter, wash the precipitate in the 
manner described in 297, and determine its weight 
according to one of the methods given in the same place. 

7- Beduction of the Arsemous Svl/phide. 

The production of metallic arsenic from the sulphide, 300 
which may be regarded as the keystone of the proof of 
the presence of arsenic, demands the greatest care and 
attention. The method recommended in § 166, 13, viz., 
to fuse the arsenical compound, mixed with potassium 
cyanide and sodium carbonate, in a porcelain boat in a 
slow stream of carbon dioxide, is the best and safest, 
affording, besides the advantage of great accuracy, also a 
positive guarantee against the chance of confounding the 
arsenic with any other body, more particularly antimony. 

On this account, it is especially adapted for medico-legal 
investigations. Take care to have the whole apparatus 
filled with carbon dioxide, that the contents of the boat 
are completely dry and do not spatter upon heating, and 
to regulate the stream of gas properly before heating. 

The heating directly in a glass tube, of the mixture of po- 
tassium cyanide, sodium carbonate, and the substance to 
be tested for arsenic, can be permitted only when a fusion 
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in another piece of the same tube with potassium cyanide 
and sodium carbonate in a slow stream of carbonic acid 
has given no trace of an arsenic coating. (Compare 
§ 155, 13). Carbonic acid generators which do not admit 
of regulating the current of gas ought not to be used for 
the important experiment under consideration. 

The sulphide of arsenic obtained may be used directly 
for reduction. In case it has been possible to collect 
it upon a weighed filter, take only a small part, so that 
the reduction can be repeated, if necessary. If, on the 
other hand, the precipitate of sulphide of arsenic was so 
slight that it was necessary to remove it from the filter 
with ammonia, again dissolve the residue (obtained by 
evaporating the ammoniacal solution) in a little ammonia, 
add .02 to .04 g of pulverized, anhydrous sodium 
carbonate,* evaporate to dryness on the water-bath, 
with stin’ing, and take a portion of the mass for the 
reductioL.f- 

When the operation is finished, cut off the reduction- 801 
iiube (Fig. 46) between the narrow part and the place 



Feu. 46. 


where the boat was, preserve the part containing the 
arsenical mirror, cover the boat with water, filter after the 
mass of salts has become softened, acidify the filtrate 
with hydrochloric acid, pass in hydrogen sulphide, and 
notice whether a precipitate is thus produced. If pure 
sulphide of arsenic has been reduced, a very sHght, yel- 
low precipitate of sulphide of arsenic may be formed- J If 
traces of antimony were present in the aqueous solution 

♦Blbmxjtjist prefers sodium bicarlwnate, because in using this, the residne 
is more easily removed from the crucible. 

fEven with au amount of arsenious sulphide corresponding to mg of 
arsenious oxide, a distinctly recognizable mirror is obta^ed (W. Fbeseinittb^ 
Zeitschr. f. analyt. Ohem., 20, 681). 

t In the reduction of an amount of arsenious sulphide corresponding to 
1 mg of arsenious oxide, W. Fbbsektus obtained no recognizable precipitate 
■fZeitschr. f. analyt. Chem., 20, 688), 
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of tho fused mass, the precipitate would have an orange 
color, and would be insoluble in ammonium carbonate. 
After all the soluble salts of the fused mass have been 
dissolved, examine any metallic residue which may be 
left, for traces of tin and antimony (nothing but traces 
of these two metals could be present here if the instruc- 
tions given have been strictly followed). Should appre- 
ciable traces of these metals, or either of them, be found, 
proper allowance must be made for this in calculating 
the weight of the arsenic. 

8. Bmmiwxtion of the reserved Reaidvea, for other Metals 
of Groups V cmd VL 

a. Eesidue L (Compare 290.) 308 

This may contain silver chloride, metallic mer- 
cury,* albuminate of mercury,* and lead sulphate t; 
possibly also lead chloride, basic bismuth chloride, 
stannic oxide, and barium sulphate. 

a. In the first place, in order to determine 
whether the residue contains mercury, after 
thorough mixing, dry a part of it, treat it with red, 
fuming nitric acid, warming it with this for a con- 
siderable time ; evaporate to a small volume, then 
heat the residue with water to which some nitric 
acid is added, allow the liquid to cool, filter, dilute, 
and pass in hydrogen sulphide. If a black precipi- 
tate is obtained, filter it off, and test it according to- 
133, to find whether it is mercuric sulphide or 
whether it contains this, possibly together with bis- 
muth sulphide or lead sulphide. If mercury is pres- 
ent, the whole residue must be treated like the por- 
tion, if the metals are to be determined quanti- 
tatively. In this case, bismuth and lead (if they 
have been found) are to be determined in the solu- 

*HeftUlic mezcnzy disaolves only with difficulty by treatment with hydro- 
chloric add and potassium' chlorate (Lkcoo). lifercuric chloride may bo 
held back by albuminates (Ludwig). 

t Iq relation to the special detection (a) of eulveu In animal substances, 
compare Nioelbs, Zeltscbr. f. analyt. ChenL, 2, 114; V. LanMAim, ibid., 21,. 
470; (&) of LSAD, A. Gubsbbow, ibid., 1, ISO; Y. LssocAinr, ibid., 21, 470. 
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tdon obiamed by beating the merourio solphide 
'vrith nitric acid. 

jS. Incinerate the residne freed from mercury, 
or not containing it, in a porcelain dish, consume 
the carbon with the aid of some ammonium nitrate, 
extract the residue completely with water, dry the 
insoluble part, and fuse it for a long time in a 
porcelain crucible with sodium carbonate and 
potassium cyanide. After cooling, exhaust the 
mass with water, treat the residue first with dilute 
acetic acid in order to dissolve any barium car- 
bonate that may have formed, warm the residue, 
usually remaining, with nitric acid, and examine 
the nitric acid solution according to 109, then 
examine any residue left insoluble by nitrio 
acid, according to § 239. Acidify the aqueous 
extract of the potassium cyanide fusion with 
nitrio acid, and, if this causes a turbidity, let 
it settle, filter, and test it (since traces of silver 
may have gone into the potassium cyanide solution) 
for silver, according to § 186, 10. In order not to 
overlook traces of lead possibly present here, test 
a portion of the acetic acid solution, obtained 
above, with hydrogen sulphide, and then test the 
remainder of it» or, if the case requires it, the solu- 
tion filtered from any lead sulphide, with gypsum 
solution for barium. 

6. EbsidubIL (Compare 292.) _ 

The carbonaceous residue obtained by purifying 
the crude hydrogen sulphide precipitate with nitric 
and sulphuric acids, which may contain especially 
lead,* mercury, t and tin, and also bismuth, antimony. 


* See the last foot-note. 

t In relation to eoecial methods of detecting mercmT/ in antonl sub- 
and Bhbskbot, ««.. 13. 108; B. Ludwig, ibid., 

eat. A Matibb ibid., 17, 402; P. FuBBBmGBB, 17, 526; V. Lbh- 
ai’iTO, and 23, 109; H. Pabchkib, *«•. 22. 895: 
and Nboa, ibid., 26, 116; Mbbgbt, ibid., 29, 118; B. Ludwig and B. 
.ZmiJSBB, ibid., 30, 268; Am, Ohem. Oenttsihl., 1887, p. 1578; Bbugna^ 
tblu, ibid., 1889, n. p. 814. 
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and barinm sulphate, is gently heated with aqua 
regia for a long time. After filtering, wash the residue 
with water at first mixed with some hydrochloric 
acid, add the washings to the filtrate, and treat the 
mixture with hydrogen sulphide. Should a precipi- 
tate form, examine it according to § 227. Incinerate 
the residue insoluble in aqua regia, fuse the ash with 
sodium carbonate and potassium cyanide, and treat 
the fused mass as directed in 302, fi, 

c. Residue III. (Compare 298.) 

The precipitate insoluble in ammonium sulphide 304 
is to be tested for the metals of Group V, according 
to § 229.* If a portion of the precipitate should 
show the presence of thallium when tested with the 
spectroscope, the precipitate would have to be ex- 
amined for arsenic also (299). In this case, the 
arsenic goes into solution upon heating the precipi- 
tate with nitric acid, and may then be detected by 
means of ammonium molybdate (§ 166, 9), 

d. Residue IV. (Compare 299.) 305 

This may contain tin and antimony, and perhaps 

also some copper. Treat it according to 123. 


9. Examination of the Ammonium Sulphide Precipitate for 
Metals of Groups IV and III, especially for Zinc, Chro^ 
mhim, and Thallium.^ 

The filtrate (291) from the hydrogen sulphide precipi- 306 
tate has already been mixed with ammonium sulphide. 

The addition of this reagent is usually attended with the 
formation of a precipitate consisting of iron sulphide and 
calcium phosphate, but it may possibly contain other 
metals of the third and fourth groups, especially zinc 


* Ooncemfng the distribution of copper In the animal kingdom, and espe- 
cially the detection of this metal ia. animal substancesi, compare Ulex, 
Zeitachr. f. analyt. Chem., 6, 260, and 21, 480 ; E Lobsbn, ibid,, B, 261. 

fWlth reference to the poisonous action of thallium, compare Laitt, 
Joum. f. prakt. Chem., 91, 366 ; and for an electrolytic method of discover- 
ing thallium in chemico-legal cases, see MAEidi, Zeltschr. f. analyt. Chem., 
6,603. 
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sulphide, thallium sulphide, and chromic hjdrctide, and, 
in addition, lead and cadmium sulphides may be present, if 
the precipitation with hydrogen sulphide was made in a 
solution which was too acid. Filter, and examine the fil- 
trate according to 307. Wash the precipitate with water 
containing ammonium sulphide, close the opening of th© 
funnel, pour over the precipitate a mixture of 1 part of 
hydrochloric acid and 4 or 5 parts of hydrogen sulphide 
water, and allow this to stand for some time. After al- 
lowing the liquid to run off, repeat, it necessary, the 
treatment of any residue remaining on the filter, with 
hydrochloric acid and hydrogen sulphide water. If this 
residue points to the presence here of sulphides of metals 
of Group Y, sufficiently dilute the solution which has run 
off, pass in hydrogen sulphide, filter off any resulting 
precipitate upon the filter which contains the residue, 
wash, and examine the contents of the filter for lead, 
OADmuM, NICKEL, and COBALT. For this purpose, dissolve 
it by heating with dilute nitric acid, and separate any 
T.-RA-n present by evaporating with an excess of dilute sul- 
phuric acid. From the filtrate, try to precipitate any 
OADMlDii, by means of hydrogen sulphide, and finally 
separate any nickel or cobalt that may bo present 
by the use of ammonium sulphide. Add uaimonia to 
the hydrochloric acid solution (now free from lead, cad- 
mium, nickel, and cobalt) until it is alkahue, then add 
yellowish ammonium sulphide, and allow the whole to 
stand for 24 hours at a gentle heat. If a precipitate forms, 
filter it off and wash it with water containing ammonium 
sulphide, then dissolve it in dilute hydrochloric acid, 
heat until the hydrogen sulphide has been expelled, fil- 
ter, and add potassium iodide solution to a portion. If a 
pale yellow precipitate of thallious iodide were obtained, it 
would be necessary to precipitate the whole solution with 
potassium iodide. The precipitate should then be tested 
spectroscopically for thalubk. The solution containing 
no thallium, or no longer containing that metal, is evap- 
•■orated, with the addition of some nitric acid, to a small 
residue, and is tested for zinc and CHBOiOBif, according to 
144 . 


509 
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10. JEbamirtation of the lAquH filtered from AmTnonium 

Sulphide Preeipitaie. 

The fluid filtered from the precipitate produced by SOT 
ammonium sulphide (306) may contain a part of, or pos- 
sibly all, the chromium, as ammonia and ammonium sul- 
phide fail to precipitate chromic hydroxide completely 
from solutions containing organic matter. It may also 
contain barium, because, if a soluble barium salt is 
present, Eesidue I would have contained only so much 
barium as corresponded to the sulphuric acid present in 
the mass or that formed by the treatment with hydro- 
chloric acid and potassium chlorate, and the precipitate 
produced by hydrogen sulphide would have contained 
only so much as was necessary to precipitate the sul- 
phuric acid formed by the action of the air upon the 
hydrogen sulphide. Finally, care demands that zinc 
should be taken into consideration here, since its precipi- 
tation by ammonium sulphide 'may have been interfered 
with by the decomposition products of the organic sub- 
stances. Now in order to detect chromium and barium 
and also to test for zinc, the liquid, after the addition 
of a sufficient amount of dilute sulphuric acid, is evap- 
orated, until sulphuric acid fumes escape in abundance. 

After cooling, dilute, filter, wash, and volatilize the sulphur 
filtered off. If a residue should remain here, it is to be 
tested for barium sulphate (208). Neutralize the sul- 
phuric acid filtrate with sodium carbonate, evaporate to 
dryness, ignite the residue consisting chiefly of sodium 
sulphate, in order to remove ammonium sulphate, fuse the 
residue with sodium carbonate and potassium chlorate, 
test the aqueous solution of the mass for ohbomiuh, 
and any residue remaining, for zmo. 

IL Teeimg for the State of ComJbvne^^ of the Metals 

fownd. 

If arsenic has been found in 300, or if one of the sus- 808 
pected metals has been disclosed upon examination of 
Eesidues I, II, Hi, and IV, of the ammonium sulphide pre- 
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cipitate, or of the liquid filtered from it, an attempt must be 
made to find in what combination the metal is present in 
the original substance. The decision of this question is 
always of importance, but it has especial significance in 
regard to those metals which are poisonous in some forms 
and inactive in others, as is the case, for example, with 
barium, which is poisonous as barium chloride or carbon- 
ate, but is inactive as barium sulphate, or in the case of 
chromium, which is poisonous in the form of potassium 
chromate, but is inactive in the form of chromic oxide. 

Dialysis is generally well adapted as a means for the 
solution of this question. If, therefore, this operation has 
not been interposed between A, § 260, and C, § 262, the 
reserved third of the substance must be treated according 
to § 261, in order to obtain an appropriate solution for 
determining the state of combination of a suspected 
metal which has been found. 

D. Modification of the jprocess describe in (7.* 

Of course, numerous modifications may be applied 309 
to the process described in C, but a description of these 
ean be omitted here, because all the circumstances under 
which they might possibly offer advantages in comparison 
with the methods described cannot be foreseen. But 
attention must be called to two modifications which re- 
late to a different manner of producing metallic arsenic. 

1. While the course prescribed in 300 requires por- 
tions of the weighed sulphide of arsenic to be reduced 
by fusing with sodium carbonate and potassium cyanide, 

■J. Otto and Bob. OTTot recommend subjecting to 

* In regard to the separation of axsenic by distillation as arsenlous chlo- 
ride, according to the method originally given by Sohnbidhib and by Pvra, 
compare Sslmi, Ber. d. deutsch. chem. Gesellsch., 6, S89, and Zeitschr. f. 
analyt. Ohem., 21, 807; H. Haobb, Pliaimac. Oentralhalle, 1881. p. 160; 
J. A. Eaisbb, 2^1tsc]Lr. f. analyt. Chenu, 14, 250, and 22, 478 ; E. Fisoheb, 
21, 266; HursoHMXDT, ibid., 24, 255; Bbokubtb, Fharmac. Central- 
halle, 18^ p. 488 ; Abcbuhl, Ohem. Oentralbl., 1892, 1, p. 456. Concerning 
•other methods, see also 0. H. Wolw, Zeitschr. f. analyt. Chem., 27, 125; 
T. Itallib, Chem. Centzalbl., 1690, I, p. 861; J. Clabe, ibid, 1898, 11, 
p. 148. 

f E. J. Otto’s **Anlelt zur Ausmittelung der Gift^” sechste Aufl., von 
.Bob. Otto, p. 190. 
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tlie reduction by potassium cyanide, not arsenious sul- 
phide, but the arsenic acid produced from it. For this 
purpose, put concentrated nitric acid upon the sulphide 
of arsenic contained in a dish, evaporate, repeat the oper- 
ation if necessary, remove every trace of nitric acid by 
repeatedly moistening the residue with water, and drying; 
soften the residue with a few drops of water, add pulver- 
ized sodium carbonate so that an alkaline mass is formed, 
and completely dry this in the dish, with freg^uent stirring, 
taking care to bring it into the middle of the dish in as 
small a space as possible. This mass is then very well 
adapted for reduction, but in this process, it is necessary 
that the residue should be free from every trace of nitric 
acid or nitrates ; otherwise deflagration would take place 
upon igniting with potassium cyanide, and the experiment 
would fail. 

2. Instead of precipitating the solution obtained in 
299 with hydrogen sulphide, it may be also tested directly 
in Marsh’s apparatus, in the manner described in § 166, 

10,* If arsenic is present in any considerable quantity, 
only a part of the previously measured or weighed liquid 
will suffice to obtain distinct arsenic mirrors, and the 
rest may then be used for the quantitative determination 
of the arsenic. But if only minute amounts of arsenic 
are present, so that, adding it little by little, one is com- 
pelled to add the whole amount of the liquid to the 
Marsh’s apparatus in order to obtain a distinct mirror of 
arsenic, a quantitative determination must be abandoned.']* 

In order not to lose any of the arsenic which escapes as 
hydrogen arsenide, it is advisable to lead the gas which 
passes out of the heated tube into a solution of silver 
nitrate acidified with nitric acid (§ 157, 7). 

In the process described, the importance of using 

The reduction of arsenic acid with sulphurous acid is not necessary in 
thffl case 

however, a metliod for weighing the arsenical mirror, Johhbok and 
CHFraBTOBN, Am. Chem Jour., 2, 285, and 6, 8.] According to F. W. 
ScHMiUT, it is rossihle to expel all the arsenic from Ihe evolution-flask if stan- 
nous chloride is added to it {Chem. Centralhl., 1892, TI, p. 806) [According to 
Johnson and CHrpTBNDEN, the operation is quantitative under the proper con- 
ditions without any such addition.] 
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zinc whicli is absolutely free from arsenic, has been 
already explained in § 155, 10. It should be added 
here, that for legal investigations, use should be made of 
only such zinc as is free from sulphide, and only such 
as does not yield the slightest arsenical coating, in a 
properly heated glass tube, in the apparatus described 
in § 155, 10, when a quantity of it equal to that to be used 
for the legal experiment is completely dissolved in the 
pure sulphuric acid which is also to be used for the actual 
experiment. In consideration of the fact that nearly all 
the glass tubing to be found at the present time con- 
tains arsenic, it will be an act of caution if a part of the 
tube to be used for the actual test is taken to test the 
zinc and sulphuric acid. For a confirmation of the 
fact that the mirror obtained is actually an arsenical 
mirror, if this is considered necessary, the treatment of 
the mirror with hydrogen sulphide, etc., should be 
chosen. (Compare § 155, 10). 

II. Method foe the Detection op Hydeooyanio Acid. 

§263. 

If there has occurred an actual or probable case of 81(> 
poisoning with hydrocyanic acid or with potassium cya- 
nide (which acts similarly to hydrocyanic acid, and is 
easier to obtain, because it is extensively used in the arts), 
and if hydrocyanic acid is to be separated from food or 
the contents of a stomach and detected, it is absolutely 
necessary to act quickly; in the first place, because 
hydrocyanic acid, being an easily decomposable body, 
may otherwise be lost,* but also for the additional rea- 

* The decomposition of hydrocyanic acid takes place sometinies more rap- 
idly. sometimes more slowly, but generally a rather long time intervenes 
before all the hydrocyanic add whlcli has entered into the organism is decom- 
posed. In relation to experiments made in regard to this question, compare 
DRAGBurooBFF. "Die gerichtlich chemische Ermittelung von Giflen,” 8. 
Aufl. Gottingen (YandenhOck & Ruprecht), 1888, p. 59 ; Buchner. Journ. 
f. prakt. Chem., 104. 888 ; Bonjban, Pharmac. Oentralhalle, 1871, p. 199 ; H. 
Struve, Zeltschr, f. analyt. Chem., 12, 14 and 19 ; Rennard, ibid., 13, 110 ; 
Rbiohaed. Arch. d. Pharm., 219, 904 ; Bokoloff, Zeitsclir. f. analyt. 
Chem., 14, 498. 
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son (at least in the opinion of some investigators) that 
cyanogen compounds may be formed in the process of 
putrefaction of animal substances, a view which certainly 
■cannot be regarded as surely demonstrated,* If a dead 
body is under investigation, there are taken into consid- 
eration, besides the stomach and the intestinal canal, the 
blood, the brain, the liver, and also the urine. 

In addition to the poisonous cyanogen compounds, 
among which hydrocyanic acid and potassium cyanide 
take the first place, there are those which are not poison- 
ous, among which potassium ferrocyanide and ferricyan- 
ide, and also Prussian blue, are the best known. By the 
action of even weak acids upon the latter, a part of 
their cyanogen is converted into hydrocyanic acid, and 
therefore some preliminary experiments are first neces- 
sary in order to decide which method should be chosen 
for the separation of hydrocyanic acid, so that a safe 
conclusion may be drawn concerning the original presence 
of this acid or of potassium cyanide. 

A. Peeliminam Expemments. 

1. Test the odor of the substance to be investigated. 311 
Hydrocyanic acid, if present in any considerable 
amount in substances free from bodies with other odors, 

is to be recognized at once. However, if the parts of the 
body to be tested have already begun to putrefy, the 
hydrocyanic acid odor may be completely hidden by the 
odor of the decaying substances. The odor alone, how- 
ever, can never be considered sufficient proof of the pres- 
ence of hydrocyanic acid, for benzaldehyde and nitro- 
benzol have somewhat similar odors. 

2. Place some of the substance, after the addition of 813 
water, if necessary, upon a moistened filter, allow some of 
the liquid to run through, acidify this with hydrochloric 
acid, and test with ferric chloride for ferrocyanogen, and 


reference to this question, compare Tatlob lu Dbasbndobff. qp. 
p. 59; Bonjban, Phamac. Centralhalle, 1871, p. 199; W. Fbbtbb, 
^itschr. f. aualyt. Chem., 12, 28. 
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^th ferrous sulphate for ferricyanogen. In the first test, 
the presence of soluble sulphocyanides would be recog- 
nized. If Prussian blue were present in the substance to 
be investigated, it would generally reveal itself by its 
color. If a ferrocyanogen, ferricyanogen, or sulpho- 
cyanogen compound is found, the detection of any simple 
cyanogen compoimds (hydrocyanic acid or potassium 
cyanide) in the presence of these requires the greatest 
care. Pass on to B, 2.* 

3. If ferrocyanogen, ferricyanogen or sulphocy- 318 
anogen compounds have not been found, proceed to 
test with cupriferous guaiacum-paper. In the next place, 
test the reaction of the substance, which, if not liquid, 
is to be mixed with some water. If the reaction is acid, 
the substance is fit for direct testing ; if it is neutral or 
alkaline, exactly acidify it with tartaric acid solution. 
Then test the air in the vessel over the substance 
under investigation, by hanging in it a guaiacum-paper 
containing copper, according to § 185, 10. If the paper 
becomes blue, this is 'not an absolute proof, but 
a very marked indication, that hydrocyanic acid or 
potassium cyanide is present. Any mercuric cyanide 
present would not give the reaction. Pass on to B, 1 
(SIS). 

4 If the preliminary tests in 1, 2, and 8, have given 314 
negative results, mercuric cyanide might still be present. 

Pass on to B, 8 (320). 


^ Potassium ferrocyanide and fenicyanide decompose even in cold aqueous 
solutloDS, and more abundantly and more quickly in acid or warm solutions; 
hence if hydrocyanic acid is found in a dead body in the presence of ferro- 
or fenlcyanogen compounds, AlmAit (Chem. Centralbl., 1872, p. 489) believes 
that a conclusion can never be drawn that poisoning has occurred with hydro- 
cyanic acid or potassium cyanide, and, according to my opinion, such a con- 
clusion can be drawn only under certain conditions, when there is found 
in a body soon after death a relatively large quantity of hydrocyanic acid with 
little potassium ferrocyanide. (Compare also Ludwig and i/Uvrwm&t 
Zeitschr. f. analyt. Chem., 20, 604.) 
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B. The Separation and Detection of Hydrootanio 
Acid or of Cyanogen in Poisonous Cyanides. 

1. If the preliminary examination (A, 2) has shown 316 
the absence of ferrocyanogen, ferrioyanogen, and sulpho- 
cyanogen compounds, and if the guaiacum-paper has 
turned blue (A, 3), mix the substance to be investigated, 
with water if necessary, add solution of tartaric acid 
until it reddens litmus-paper strongly (if it does not 
already react strongly acid), introduce the mixture into a 
retort, which is so arranged that its body is placed 
in an iron or copper vessel without touching the bottom 
of the latter, and, for the sake of safety, the bottom of 
the vessel is covered with a cloth. The metallic vessel is 
then filled with calcium chloride solution or with par- 
affine oil, and is cautiously heated, so that the contents of 
the retort, the neck of which slants upwards, are brought 
to gentle boiling. With the aid of a tight-fitting tube 
bent at an obtuse angle, conduct the vapors passing over 
through a condenser,^ and receive the distillate in a 
small, graduated cylinder or' a tared flask. The mouth of 
either of these should be closed with a doubly perforated 
stopper. The cooling-tube of the distilling-apparatus 
passes through one of the holes of the stopper, while the 
other is provided with a glass tube, bent twice at right 
angles, which leads into a U-tube containing some very 
dilute sodium hydroxide solution (which is certainly free 
from sodium cyanide). As soon as about 12 co have 
been distilled over, the small cylinder or the flask is re- 
moved, and is replaced by a larger graduated cylinder 
or tared flask, which is also to be connected with the 
U-tube. 

Measure or weigh the first distillate, and test it as 316 
follows : 

a. Treat a quarter of it according to § 185, 7, in 
order to convert the hydrocyanic acid into the form 

*Iii testing for phosphoms at the same time, the condenser must be 
entirely of glass, and the operation must be conducted in a perfectly dark 
room. (Compare § 261 } 
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of ferric snlphocyanide. Since the distillate may 
easily contain acetic acid, do not neglect to add 
somewhat more hydrochloric acid at last, in order to 
counteract the injurious influence of any ammonium 
acetate. 

b. Treat another quarter according to § 185, 6, 
in order to convert the cyanogen of the hydrocyanic 
acid into the form of Prussian blue. 

c. If the presence of hydrocyanic acid has been 
shown with certainty in experiments a and 6, use the 
half of the distillate still remaining for an approx- 
imate quantitative determination. But if only one 
of the two reactions has now given an entirely certain 
result, use another quarter of the distillate for the 
reaction described in § 185, 8, depending upon the 
conversion of the hydrocyanic acid into potassium 
nitroprusside, and then use the last quarter for the 
quantitative determination. 

d. In order to carry out the approximate quanti- 
tative determination, continue the distillation as 
long as a liquid containing hydrocyanic acid passes 
over, mix this distillate with the contents of the 
TJ-tube, take one half, or, as the case may be, one 
quarter, of this liquid, and unite it to the cor- 
responding half or quarter remaining of the first 
distillate. If the liquid should not react acid already, 
add a little tartaric acid to acid reaction, introduce 
it into a retort, add borax or sodium bicarbonate 
in order to hold back hydrochloric acid, and distil 
to a small residue. This distillate contains all the 
hydrocyanic acid and is free from hydrochloric 
acid. Now add silver nitrate to it, then ammonia 
until this is in excess, and finally nitric acid to 
strongly acid reaction. Allow the resulting pre- 
cipitate to settle, filter upon a filter which has been 
dried at 100° and weighed, wash, dry completely 
at 100°, and weigh the silver cyanide obtained. 
This weight, multiplied by .2018, gives the corre- 
sponding amount of anhydrous hydrocyanic acid, and 
this result multiplied by 2 or, if the case requires it. 
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by 4 (since only one half or one fourth was nsed for 
the determination), gives the whole quantity of 
hydrocyanic acid that was present or was formed by 
the decomposition of potassium cyanide. 

2. If the preliminary tests have shown the presence 317 
of ferro-, ferri-, or sulphocyanogen, the method described 
in 1 (816) for the separation of hydrocyanic acid cannot 
be used. One of the following methods must therefore 
be substituted : 

а. Method which is suitable in the peesenob op 

PEBE0-, PBEEI-, OR SULPHOCYANOGEN. If necessary, 
add water to the object to be tested, then tartaric 
acid, and finally add sodium carbonate by degrees, 
to slightly alkaline reaction. Treat the mixture in a 
stream of carbon dioxide at a temperature not ex- 
ceeding 60°, in the distilling-apparatus described in 
316, and proceed with the distillate according to 
816.* The statement that the temperature of the 
distillation is not to exceed 60° is based upon Hilger 
and Tamba’s experiments. 

б. Methods which are suitable fob countebaoting 

THE INTERFERENCE OF FEBBO- AND FEBBICYANOGEN COM- 
POUNDS, BUT NOT THAT OF SULPHOCYANOGEN COMPOUNDS. 

a. If necessary, dilute the substance under 318 
investigation with water, acidify it slightly with 
hydrochloric acid, and add ferric chloride if potas- 
sium ferrocyanide was present, or ferrous sulphate 
if potassium ferricyanide was present, using a slight 
excess in either case. Saturate the liquid with 
sodium chloride, filter off the precipitate, and pro- 
ceed with the filtrate, now freed from ferro- and 
ferricyanogen, according to 1 (816).t 


* Ji^usuiN, Ann. Chim, Phys. (5), 4, 186; Bhokubts and SchCnfebd, 
ArchLf f. Fharmade, 21, 576, Zeitschr. f. analyt. Ohem., 23, 116 ; F. J. 
Otto, "Ausmitteluxig der Gifte,” 6te Aufl., von B. Otto, p, Taylor, 
Zeitschr. f. analyt Chem., 24, 259 ; H. Struve, Hrid,, 12, 24 ; A. HmasR 
and E. Takba, iM,, 30, 529; W. Axttsnbieth, Chem. Oentralbl., 1898, 1, 
p. 778. 

t y. POllnitz, Dragendorff, AluIin, Chem. CentndbL, 1872, p. 429; 
Ludwig and MAUTEorflU, Zeitsdir. f. analyt. Chem., 20, 60A 
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If the precipitate cannot be separated from the 
liquid, pass a stream of air through the latter at the 
ordinary temperature, in a flask, after having precipi- 
tated with ferric chloride or ferrous sulphate, and 
pass this air through a weak solution of sodium 
hydroxide which is certainly free from sodium cy- 
anide, and then subject portions of this to tests for 
sodium cyanide (and consequently for hydrocyanic 
acid), according to § 185, 6, 7, and 8. The amount 
of cyanogen in the remainder of the alkaline liquid 
is then to be determined, as in 1. 

fi. If necessary, dilute the substance to be 318 
examined, with water, then acidify slightly with 
tartaric acid, and shake thoroughly with an equal 
volume of ether. After removing the layer of 
ether, repeat the extraction. The united ether ex- 
tracts are free from hydroferro- and hydroferri- 
cyanic acids, but they contain the hydrocyanic acid 
originally present, and also that which has been 
liberated from potassium cyanide. The free hydro- 
cyanic acid may now be removed from the ethereal 
extract by shaking with water containing sodium 
hydroxide, and it may be determined in the latter, 
as in 2, 6, « (318).* 

In the presence of mercuric cyanide, this method 
is to be less highly recommended, because, al- 
though this salt does go into the ethereal solution 
when its aqueous solution is shaken with ether, 
still this takes place only in moderate amount, 
and completely only with difficulty. 

-3. In order that any cyanogen present in the form of 320 
mercuric cyanide may not be overlooked, mix the sub- 
stance to be tested with tartaric acid to strong acid reac- 
tion, add sodium chloride, heat in the distilling-apparatus 
described in 316, and proceed with the distillates, and 
with the dilute sodium hydroxide placed in front in the 
TJ-tube, as in 316.'!' 

* Bakfobd, Becxterts, and Schoitfbld, Zeitachr. f. analyt Ohem., 23, 117. 

f Gonceining other methods for sepiraiiug the cyanogen from mercuric 
cyanide, compare YitaIjI, Chem. Centralbl., 1689, U, p. 89S. 
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HI. Method fob the Detection op Phosphobtjs.* 

§ 264 . 

Since phosphorus paste has been employed to poison 321 
mice, etc., and the poisonous action of matches prepared 
with colorless phosphorus has become extensively 
known, this agent has not infrequently been resorted 
to as a means for committing murder. The chemist is 
therefore occasionally called upon to examine some arti- 
cle of food, or the contents of a stomach, for this sub- 
stance. In cases of the kind, it is obvious that the 
whole attention of the analyst must be directed to the 
separation of the phosphorus in the free stote^ or to the 
production of such reactions as will enable him to infer 
the presence of free phosphorus. The mere finding of 
phosphorus in the form of phosphates would prove 
nothing, for phosphates invariably form constituents of 
animal and vegetable bodies. 

By the action of the air, free phosphorus, when present, 
first changes into phosphorous acid and finally into phos* 
phoric acid (which no longer permits the conclusion that 
free phosphorus has originally been present), and hence 
all unnecessary delay must be avoided. However, since 
particles of phosphorus which are enclosed by slimy or- 
ganic matter last for a rather long time before they are 
completely oxidized to phosphoric acid, the detection of 
free phosphorus in the parts of a dead body often suc- 
ceeds, even when the latter are examined several weeks 
after death has taken place.f The certainty of the results 
of some of the methods to be immediately described may 
be interfered with, however, by the fact shown by the re- 
peated experience of SELMi,t tiiat in the putrefaction of 

* Since only coloi less phosphorus, and not the red modification, is poison- 
ous, by " phosphorous’* in what foUows, the poisonous, colorless phosphorus 
is always to be understood. 

t NTBTjMAjnsr, TAVLOB-SBnnBLHB, “Gifte,” II, 179; Dragbndobff. “Bt- 
mittelung von Giften,” 8te Aufi., p. 99; Fischer and Jun. Mullsb, 
Zeltschr. f. nnalyt Ohem., 16, 57 ; Eltbbs, Chem. Oentralbl., 1877, p. 70 ; 
Medicub, Zeitsebr. f. aDal3rt. Ohem., 19, 164. 

tBer. d. deutsch. chem. Gesellscb., 9, 1127, and 11, 1691. 
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albumen, brain-matter, and even of parts of the body pre- 
served in alcohol, especially the intestines, volatile sub- 
stances containing phosphorus may be easily formed, 
which are soluble in ether and carbon disulphide, and 
turn a solution of silver nitrate brown. 

In the examination of dead bodies, in addition to the 
stomach and intestines, the liver, brain,* * * § blood, and 
urine f should be taken into consideration. 


A. Detecti<yifi of Unoxidized PhosjphoriLS, 

1. Peeliminabt Testing, 

a. In *the first place, ascertain whether the presence 322 
of unoxidized phosphorus in the substance under investi- 
gation is indicated by its smell, or by its luminosity in 
the dark. I To this end, take care to increase the contact 
of the phosphorus with the air, by rubbing, stirring, or 
shaking. 

S. Put a little of the substance (as proposed by J. 323 
SoHEEEB§) into a small flask, fasten to the loosely inserted 
cork a strip of filtering-paper moistened with neutral 
solution of silver nitrate, and heat to 30® or 40®. If the 
paper does not turn black, even after some time, no un- 
oxidized phosphorus is present, and it is consequently 
hardly necessary to apply the methods given in 2, but the 
operator may at once pass on to 836. If, on the other 
hand, the paper turns black, this is no positive proof of 
the presence of phosphorus, as hydrogen sulphide (to be 


* Since the brain is phosphorescent in itself, and since putrefied brain-mat- 
ter, when distilled with water, always yields a distillate containing phosphor- 
us, it IS lecommended to carry out the examination of the brain sepaiately. 

f In regard to the peculiar properties and to the unusual behavior which the 
urine shows after phosphorus poisoning, compare Sblmi, Zeitschr. f. analyt. 
Chem., 14, ^33, and 21, 481 ; v. Mbhring. ibid., 16, 507; Pesoi and 

Stroppo, Pharmac. Centralhalle, 1880, p. 166. 

X Attention is here called to the fact that luminescence in the dark does 
not permit the certain conclusion that phosphorus is present, because there 
are many other causes of such phenomena of phosphorescence. 

§ Ann. d. Chem. u. Pharm , 112, 214. 
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detected with a strip of paper moistened with lead solution 
or with antimonious chloride), formic acid, putrefying mat- 
ters, etc., may also cause blackening of the paper. Treat, 
therefore, the principal mass of the substance by methods 
a and h in 2, or also according to one of the other 
methods mentioned in 2. 

2. Actual Examination. 

a . By distillation with water. 

This excellent and approved method, recommended by 321 
E. Mitscheblioh,* is based upon driving off the phos- 
phorus with water-vapor, and causing it to phosphoresce. 

Miy a considerable portion of the substance to be 
tested, with water and some dilute sulphuric acid,f or (if 
testing for hydrocyanic acid at the same time) tar- 
taric acid, and subject the mixture to distillation in the 
flask A (Fig. 47), the contents of which are heated to 
gentle boiling and kept so, most safely in a bath of liquid 
parafiine. Connect the flask with the delivery-tube 
66, and this with the glass cooling-tube cZd, which passes 
through the larger glass cylinder, and is fastened into it . 
by means of rubber stoppers. The cooling-tube opens 
into the flask c. Cold water is conducted from the cock 
a into the funnel- tube c, and the warmed cooling-water 
flows off through e. 

Now if the substance in A contains phosphorus, there 
will appear, in the dark, at the place where the steam en- 
ters the cooled part of the tube at the top, a strong lumi- 
nosity, usually a luminous nng, which moves up and 
down. If 150 g of a mass containing only 1.6 mg of 


* Joum. f. prakt. Ohem., 66, 338. 

t If it is supposed that the phosphorus has been introduced inlo the substance 
under Inyestigation in the form of phosphorus matches, H Hageb. (Zeitschr. 
f. analyt. Chem., 10, 355) recommends the further addition of some ferrous 
chloride or sulphate, in order to render harmless the oxidizing substances pres- 
ent in the matches. If a reaction for hydrogen sulphide has been obtained 
in the preliminaiy examination 323, then ferric chloride must be added to the 
substance to be dlstfUed, in order to prevent the appearance of hydrogen sul- 
ptilde in the distillate. 
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phosphorus, and accordingly only 1 part in 100,000, is 
taken for distillation, 90 g may be distilled over (taking 
more than half an hour) without the luminosity ceasing. 
In making the experiment, Mitsohebiioh stopped the dis- 
tillation after half an hour, allowed the flask to stand 



Pie. 47. 


uncorked for a fortnight, and then recommenced the dis- 
tillation, when the luminosity was as strong as at first. 
Instead of the cooling-apparatus shown, an ordinary 
condenser, placed in a slanting position, may be used, 
provided that it is made entirely of glass. A cooling-ap- 
paratus of different form is recommended by H. Hageb.* 

*Fbarmac. Centralhalle, 1870, p. 465, Zeitschr. f. andljt. Chem., 10, 266. 
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If the fluid contains substances which prevent the lu- 325 
minosity of phosphorus (such as ether, alcohol, benzine, 
phenol, petroleum-ether, or oil of turpentine, and many 
other ethereal oils), no luminosity is observed as long as 
these substances continue to distil over. In the case of 
ether and alcohol, however, this is soon finished, and the 
luminosity very speedily makes its appearance. Oil of 
turpentine and other ethereal oils, on the other hand, 
prevent the luminosiiy permanently, but free sulphur 
does not prevent it. Hydrogen sulphide, however, in 
case it is present or is formed by acidifying the mass 
under investigation, must be decomposed, as already 
mentioned, by the addition of some ferric chloride be- 
fore beginning to heat. Sulphurous acid, chlorine, mer- 
curic chloride, and, in case the solution is only weakly 
acidified, even cupric sulphate, prevent the luminosity 
(Beenbeck). 

At the bottom of the flask into which the distillate 
flows, globules of phosphorus are found, it any consider- 
able amount of it is present. From 160 g of a mixture 
containing .02 g of phosphorus, Mitscheelioh obtained 
so many globules of that body that the tenth part of 
them would have been suflSioient to demonstrate its pres- 
ence. In medico-legal investigations, these globules should 
be washed with alcohol, and then weighed. Afterwards 
a portion may be subjected to confirmatory examination, 
to make q^uite sure that the globules really consist of 
phosphorus ; while the remainder, together with a por- 
tion of the fluid, which shows the luminosity upon dis- 
tillation, should be sent in with the report 

The operation should be conducted in an entirely 
dark place, best at night When it is -performed in the 
daytime, ca’re should be taken to shut out all light, 
as where this is not effectively done, the rays entering 
through some chink or crevice may chance to be re- 
flected by the glass vessel or by the fluids, and thus lead 
to deception. It is advisable to pass the horizontal 
part of the evolution-tube b through the aperture of 
a screen, to guard effectively against reflection of light 
from the lamp. These precautionary measures are of 
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course necessary only where very minute traces of phos- 
phorus are to be detected. 

The residue left in the distilling-flask is then exam- 326 
ined for phosphorous acid as directed in 336. The 
distillate may also be examined in the same way, to 
confirm the presence of phosphorus, or to show the 
presence of phosphorous acid formed by the oxidation of 
phosphorus fumes.* But if this is to be used for a de- 
termination of the phosphorus which was present in the 
free state (a determination which is admittedly only a 
mere approximation), after the distillation has been con- 
tinued until the phosphorescence has ceased, treat the 
whole of the contents of the receiver with chlorine, in 
order to convert all the phosphorus and all the phos- 
phorous acid into phosphoric acid ; determine this, after 
proper concentration, by precipitating with magnesium 
mixture, and double the amount of phosphorus con- 
tained in the phosphoric acid which is found. In this 
way, too small, rather than too great, an amount of phos- 
phorus is often found.f 

If the character of the mass to be tested for phos- 327 
phorus causes fear that the liquid may bump upon 
boiling, it is advisable to conduct the distillation in a 
flask heated upon a sand-bath, and into it pass steam 
under moderate pressure. If the apparatus is first filled 
with carbon dioxide, and if the distillation with steam is 
continued for a sufficient length of time, almost the 


* If a mass whicli at the same time contains hydrocyanic acid and phos- 
phorus is distilled, the former is found most advantageously in the distillate 
which goes over at first, the latter in the distillate coming over afterwards. 
Take care, therefore, in any case, to change the receiver after about 16 cc 
have gone over, in order to obtain any hydrocyanic acid in a sufficiently con- 
centrated condition, and do not omit to connect the receiver with a U-tube 
containing dilute sodium hydroxide solution. (Compare 315.) 

fif an apparatus which is not unnecessarily large is selected for the 
distillation, and the operation is conducted in such a manner that the lumines- 
cence appears in the cooling-tube and not in the flask or in the tube con- 
nected with the condenser, and the operation is continued until no more phos- 
phorescence appeal’s, even in a totally dark room, at least one half, and under 
especially favorable conditions, as much as three quarters of the phosphorus 
which was present in the fi-ee state Is obtained (Loth. Mbvbb, 0. Sohiffeb- 
mowEL, Zdtschr. f. analyt. Chem., 11, 279). 
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Teliole amoTint of the free phosphorus is found in the 
distillate (M. Bugoee*). 

It is to be noted that the mere detection of phos- 
phoric acid in the distillate treated with chlorine is no 
certain proof of the presence of free phosphorus in the 
substance under inyestigation, even if one does not admit 
the possibility that small amounts of the phosphoric 
acid present may pass over into the distillate by spatter- 
ing* (Compare the results obtained by Selmi, mentioned 
in 821, and also the experience of H. W. Bbttink and 
B. V. EMBDENjf who, from parts of the body of a man -who 
bad used liypophosphites as a medicine, obtained distil- 
lates in which hypophosphorous acid and hydrogen 
phosphide were detected.) 


6. By EXPELLma phosphorus in a ouerent of carbon 

DIOXDDE. 

In the method described under a, the phosphorescence 328 
is prevented by the presence of many substances; 
hence it is always advisable to treat a further portion 
of the substance under investigation according to the fol- 
lowing method, which was originated by Neubauer and 
myself : J Put the substance, with addition of water if 
necessary, into a flask with a doubly perforated stopper, 
add dilute sulphuric acid to acid reaction, conduct 
washed carbon dioxide (evolved from a Eopp’s apparatus, 
p. 289) in a slow stream into the flask, by means of a glass 
tube reaching nearly to the bottom, and let the gas, issu< 
ing from another glass tube inserted into the other per- 
foration of the cork, pass through one or two U-tubes 
containing a neutral solution of silver nitrate. When 
the flask is fllled with carbon dioxide, heat it on the 
water-bath. Continue the operation for several hours. 

If free phosphorus is present, it will volatilize unoxi- 
dized in the stream of carbon dioxide, then pass into the 


* Zeitschr. f analyt. Chem., 14, 166. 
+ Chem. Centralbl. 1893, II, p. 1104. 
t Zeitschr. f. analyt Chem., 1, 836. 
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silver solution, where it will form insoluble, black silver 
phosphide on the one hand and metallic silver on the 
other hand. The formation of a precipitate is not sulfi- 
cient proof of the presence of phosphorus, as the pre- 
cipitate may owe its formation to volatile reducing 
agents or to hydrogen sulphide, but if a precipitate does 
not form, it is safe to conclude that unoxidized phos- 
phorus is absent. 

If a precipitate has formed, however, filter through a 329 
filter well washed with dilute nitric acid and water, and 
wash it with water. The presence of silver phosphide 
in it may be shown by Blondlot's improved modification 
of Dusart’s method,* best by substituting for the ap- 



Fig. 48. 


paratus used by Blondlot, the one shown in Kg. 48, 
which may be easily constructed. 

a is a hydrogen evolution-bottle ; h contains pumice 
stone moistened with concentrated solution of caustic 
potash (for the purpose of holding back any hydrogen 


•Zeltschr. f. aniilyt. Chem., 1, 129. According to Blondi: 40T, the organic 
aubstances to be tested for phosphorus are treated directly (a procedure 
which is not to be recommended; with zinc and sulphuric acid, and the evolved 
gas is passed into silver solution. 
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sulphide, as this interferes with the reaction) j c is a com- 
mon pinch-cock; d is a screw pinch-cock; and e is a pla- 
tinum jet, which is kept cool by tying moistened cotton 
round it. This platinum jet is indispensable to the pro- 
duction of a colorless hydrogen flame, as the soda in 
glass will always color the flame yellow.* 

To ascertain whether the zinc and sulphuric acid will 
give a gas quite free from hydrogen phosphide, let the 
evolution go on a short time, then close c until the fluid 
has ascended from a to /I Close d, open c, and regulate 
d by means of the screws, so as to obtain a suitable flame. 

If the flame, viewed in a dark place, is colorless, showing 
no trace of a green cone in the center, and no emerald- 
green coloration when allowed to play upon a porcelain 
surface, as in Marsh’s eiperiment, the hydrogen may be 
considered pure. It is advisable to repeat the experiment. 
Rinse the precipitate under examination into /, take care 
that every particle of it reaches a, then repeat the experi- 
ment. If the precipitate contains even a minute trace 
of silver phosphide, the green cone in the center of the 
flame and the emerald-green coloration will now become 
distinctly visible. 

Remove the excess of silver from the solution Altered 330 
from the silver precipitate, by hydrochloric acid, pass 
through a Alter well washed with acid and water, remove 
the hydrochloric acid by repeated evaporation with nitric 
acid on the water-bath, take up with a little nitric acid, 
and test for phosphoric acid 'with molybdic acid solution, 
or with a mixture of magnesium sulphate, ammonium 
chloride, and ammonia. 

By tbig method, we obtained the clearest e’vidence of 
the presence of phosphorus in a large quantity of putrid 
blood mixed with the head of a common match containing 
colorless phosphorus ; and this even in presence of sub- 
stances which prevent the luminosity of the phosphorus 
in MrrsOHRBLiCH’s method. The appearance of the green 
flame and the detection of phosphoric acid in the liquid 


*In Telationto bTuning hydrogen which contains phosphorus in such a 
manner that a platinum tip may he dispensed with, see 332. 
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filtered from tie silver phosphide has not, however, the 
same demonstrative force as the appearance of phospho- 
rescence in Mitschebuoh’s method, or at least it has not 
that value in the examination of putrefied parts of dead 
bodies. (Compare the results of Selmi, mentioned in 321, 
and those of J. v. D. Hagen and P. Wolteeing.*) 

If there is sufficient phosphorus present to permit a 331 
quantitative determination, it is best to use Sohebeb’s 
more accurate modification of Mitsoheblioh’s process, f 
since the method given in 326 gives only a very approxi- 
mate result. This is effected by distilling another portion 
of the mass, acidified with sulphuric acid, with the addition, 
if required, of ferrous sulphate (compare the last foot-note 
on p. 612) in an atmosphere of carbon dioxide. With re- 
spect to this, I would suggest that it is best to provide the 
distilling-flask with a doubly perforated stopper and to 
transmit pure carbon dioxide until the apparatus is filled 
with it, but then to shut off the gas stream. A flask with 
a doubly perforated cork serves for a receiver; while 
the end of the condensing-tube passes into one of the 
openings, and into the other is inserted a bent glass tube, 
which leads to a TJ-tube containing a solution of pure 
silver nitrate. 

When the distillation is over, globules of phosphorus 
are found in the receiver. A moderate stream of carbon 
dioxide is now once more transmitted through the appa^ 
ratus, and a gentle heat applied, with a view to effect the 
formation of larger globules by aggregation. These are 
then washed and weighed as in Mitboheelioh’s method. 

The fluid poured off from the phosphorus globules is lu- 
minous in the dark when shaken. It requires, however, a 
larger proportion of phosphorus to obtain distinct luminos- 
ity in this way than is the case in distilling with steam 
(324). The phosphorus in the fluid, after oxidation by 
nitric acid or chlorine, may be determined as phosphoric 
acid. To obtain the remainder of the phosphorus, treat 
the contents of the U-tube with nitric acid, throw down 
the silver by hydrochloric acid, filter through a washed 

*Ohem. Ccntralbl,, 1893, EC, p. 1103 

f Ann. d. Ohem. u. Pharm., 112. 216. 
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filter, ooncentrate in a porcelain dish, precipitate the 
phosphoric acid as ammonium magnesium phosphate, and 
weigh it as magnesium pyrophosphate. The phosphoric 
acid obtained from the liquid or from the contents of the 
U-tube, however, can only be considered as having come 
from free phosphorus originally present, unless no parti- 
cles of the distilled liquid have spattered over, and unless 
the substance under examination was free from putrefy- 
ing brain-matter, etc. (Compare 3S1.) 

C. Bv EXPELLINO PHOSPHOETJS IN A OUERENT OF HYDEO- 

cm 

Since the mixing of the substance under investigation 332 
with zinc and sulphuric acid, according to Blondlot, 
renders the further examination of the residue containing 
zinc for other poisons more difficult, Balmon* passes 
pure hydrogen gas directly through the organic substance 
containing phosphorus, and under these circumstances, 
the gas takes up phosphorus. He allows the gas to 
escape from a tube bent at right angles and properly 
drawn out, and places over the flame a sufficiently long 
but narrow glass tube, after the manner of the “ chemical 
harmonica.” The flame then contracts, without giving 
a sound, and appears green throughout its whole ex- 
tent. If the tube in which the hydrogen containing 
phosphorus was burnt is rinsed out with a little water, 
the phosphoric acid produced in it may be detected with 
molybdenum solution. NEUBAtiBB,f who has confirmed 
Dalmon’s statements, calls attention to the fact that, in 
addition, the escaping hydrogen containing phosphorus, 
when not ignited, shows a beautiful phosphorescence in 
a dark room. 

d. By DisTELUNa with aloohol. 

If the substance to be examined is received immersed 333 
in aloohol, the following method proposed by H. BEAGEBf 


^ Joum. de Chim. mWicale, 1870, p. 128. 
f Zeitsclir. f. analyt. Chem., 10, 182. 

i Phftrmac. Centralhalle, 1870, p. 456; Zeitschr. f, anidyt, Chem., 10,356. 
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is to be recommended: After the addition of some 
sulphuric acid, and, if there is cause to suppose that the 
phosphorus comes from phosphorus matches, some fer- 
rous chloride also, distil off the alcohol, using a water- 
bath. No luminescence is produced here, but the distil- 
late is alcohol containing phosphorus. If the distillation 
is repeated, with the addition of more alcohol, it is pos- 
sible to collect small quantities of phosphorus completely 
in the distillate. If a test-tube which is one third full of 
water is taken, and about ten drops of the phosphor- 
iferous alcohol are added, especially that which came 
over first, and shaken in the dark, the whole tube appears 
filled with phosphorescent light. The alcohol containing 
phosphorus becomes brown or black with a solution of 
silver nitrate, or also with cupric sulphate solution, with 
the separation of metallic phosphides and metals, and with 
the formation of phosphoric acid. It is easy to test with 
lead-paper, to find whether hydrogen sulphide was not 
possibly the cause of the reaction. 

C. Bt EXTBACnON WITH SOLVENTS WHIOH DO NOT MX 
WITH WATEB. 

If liquid solvents of phosphorus which do not mix 834 
with water are shaken with organic substances containing 
free phosphorus, suspended in water, the phosphorus is 
taken up by the solvents, and remains behind upon their 
careful evaporation. It is advisable to add a little water 
here, in order to protect the phosphorus from the oxidiz- 
ing action of the air after the volatilization of the solvent. 

As appropriate solvents for this purpose, there have been 
proposed, carbon disulphide by Selih,* ether by Las- 
SAiGNEt and by van Bastblaee,$ and petroleum-ether 
by H. Hagee.§ When the solvents have been almost 
wholly removed by spontaneous evaporation, at the ordi- 
nary temperature, the residues generally show phosphor- 


* Ber. d. deutsch chem. Gtesellsch., 6, 289. 
t Pharm. Centrnlbl., 1860, p 360 
i Zeitscbr. f. analyt. Chem., 13, 860. 

§ Ihxd,, 20, 821 
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escence at once in the dark, when poured out upon a flat 
plate. Moreover, they may be tested by the methods 
already mentioned. For the purpose of obtaining phos- 
phorus as pure as possible in the extraction of mixtures 
containing fats, van Bastelaer recommends the following 
process : After the evaporation of the ether in the pres- 
ence of some water, heat the residue to 60® or 60®, treat 
the fat thus fused, containing the phosphorus, by shaking 
it repeatedly with concentrated aqueous ammonia, in 
order to dissolve it, and wash the phosphorus, which 
is scarcely attacked by this operation, first with water 
containing sulphuric acid, and then with pure water. 

Dusart*s method* (in which the substance under 335 
investigation is extracted with a mixture of equal volumes 
of carbon disulphide, ether, and alcohol, containing sul- 
phur in solution, after the evaporation of which sulphur 
containing phosphorus is obtained) is closely related in 
this respect to the methods of LiPOWiTzf and B. Mulder,! 
but it varies from the latter methods, in the manner 
in which phosphoriferous sulphur is further treated. 

In relation to the details of these less-used methods, 

I refer to the original articles. 


B. Detection of Phosphorous Add, 

Should all attempts to detect phosphorus, as such, 336 
fail, find whether it may not be possible to detect the first 
product of its oxidation, i.e., phosphorous acid. For this 
purpose, transfer the residue left in 326, or that of 328, 
or 331, to the apparatus charged and tested as in 329 
and illustrated by Fig. 48, p. 617, and observe whether the 
coloration of the hydrogen flame reveals the presence of 
phosphorus (Wohler). Should this be the case, the end 
in view is attained ; if not, the presence of organic sub- 
stances may be the preventive cause. If, therefore, the 
flame remains uncoloned, shut the pinch-cock at once, and 


^Zeitschr. f. analyt. Ghem., 16, 505. 

f Poggend. Annal., 90 , 600; Cbem.-pharm. Centrall)!., 1854, p. 157. 
fZeitschr. f. analyt. Chem., 2, 111. 
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§ 266.] 


to tlie apparatus oonneot a "CJ-tnbs coBtaiuing neutral so- 
lution of silver nitrate, open the pinoh-cock again, and 
let the gas pass for many hours, in a slow stream, 
through the silver solution. If phosphorous acid is 
present, a precipitate containing silver phosphide Trill sep- 
arate in the silver solution ; examine it according to 329.*' 
In this manner, Th. PoLECEf has succeeded in detect- 
ing phosphorous acid in a body, three months after death, 
Trhile free phosphorus could no longer be detected. 


3. Examination of the Inorganic ConstUvmte of Flamta, 
Animals, or Parts of the same, of Mam/wres, etc. [AtuxI- 
ysis of Ashes). 


§266. 

A. Pbepaeation op the Abh. 

For the purposes of a qualitative analysis, it is suf5- 387 
cient to incinerate a comparatively small quantity of the 
substance, -which must previously be most carefully 
cleaned. The incineration is efifected best in a small clay 
muffle, but it may be also conducted in a Hessian crucible 
placed in a slanting position, or, under certain circum- 
stances, even in a porcelain or platinum dish, Tvith the 
aid of a Tride glass tube or lamp-chimney, to increase the 
draught. The heat must always be moderate, to prevent 
the volatilization of certain constituents, especially of 
chlorides. It is not always necessary to continue the 
ignition until all the carbon is consumed. With ashes 
containing a large proportion of fusible salts (as the 
ash of beet-root molasses), it is best, after thorough 
carbonization has been effected, to boil with water, and 
finally to incinerate the washed and dried residue. For 
further particulars, see my work on quan-titative analysis. 


*W. Hbbapath’s statement (Pbann. Journ., 1865, 578) that phosphorlo 
Is also reduced by zinc and dilute sulphuric acid Is entirely incorrect 
(Compare my paper in the Zeits<dir. f. analyt. Chern,, 6, SOS,) 
t Zeitschr. t. analyt Chem., 30. 638. 
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B. EXAMINATrON OP THE AsH, 

As the qualitative analysis of an ash is undertaken 338 
either as a practical exercise, or for the purpose of deter- 
mining its general character, and the state in which any 
given oonstitutent may happen to be present, or also 
with a view to make, as far as practicable, an approxi- 
mate estimation of the quantities of the several constit- 
uents, it is usually the best way to examine separately 
the part soluble in water, the part soluble in hydrochlo- 
ric acid, and the residue which is insoluble in both. This 
can be done the more readily, as the number of bodies 
to be looked for is small.* 


a. ExamiTiotion of ihe Part soluble in Water, 

Boil the ash with water, filter, and while the residue 339 
is being washed, examine the solution as follows : 

1. To a portion, after heating, add hydrochloric acid in 
excess, warm, and allow it to stand. Effervescence indi- 
cates OABBONIO ACID Combined with alkali metals, while 
the smell of hydrogen sulphide indicates the sulphide 
of an AT.-RjLTT METAL, formed from an alkaU-metal sulphate 
by the reducing action of carbon. Turbidity from separa- 
tion of sulphur, with smell of sulphur dioxide, denotes a 
THIOSULPHATE (which occasionally occurs in the ash of 
coal). Filter if necessary, and add barium chloride to 
the fluid. A white precipitate indicates sulphueio acid. 

2. Evaporate another portion to a small volume, add 340 
hydrochloric acid just to acid reaction (effervescence indi- 
cates CABBONio ACID), test a few drops for boeio acid, with 
turmeric-paper (§ 174, 6), evaporate to dryness, and treat 


*If the examination should be extended, in exceptional cases, to easily re- 
ducible metals which are readily volatile at a red heat («. p'., arsenic, zinc, cad- 
mium, and lead), which can be present in plants or animals only under very 
special circumstances, a treatment is made with hydrochloric acid and potas- 
sium chlorate, according to 290 (Nobbb, BIsblbb, and Wili<, Chem. Oen- 
tialbl., 1884, p. 908). 
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the residue with hydrochloric acid and water. A residue 
consists of smoio ACtD: Filter, evaporate a portion 
repeatedly almost to dryness with nitric acid, and 
test with molybdio acid solution, for phosphoeio aged 
(§ 172, 10). 

3. To another portion add silver nitrate as long as 341 
a precipitate continues to form ; warm gently, and then 
cautiously add ammonia. If a black residue is left, this 
consists of silver sulphide, proceeding from the sulphide 

of an alkali metal, or from a thiosulphate. Filter, if 
necessary, then to the ammoniacal licjuid add nitric acid 
in slight excess, to effect the solution of the silver phos- 
phate precipitate formed, thus leaving only bilvbb ohlo- 
BEDE (iodide, and bromide) undissolvod. Filter off the 
precipitate, and neutralize the filtrate carefully and ex- 
actly with ammonia. If this produces a light yellow 
precipitate, orthophosphoric acid was present, while if 
the precipitate is white, pyrophosphoric acid was detected 
in 840. Test for iodine and bromine, and, if necessary, 
for chlorine, in a part of the aqueous solution of the ash, 
according to 178 and 180.* 

4. Heat a portion with hydrochloric acid, then make 848 
it alkaline with ammonia, mix it with ammonium oxalate, 
and allow the liquid to stand. A white precipitate 
indicates oalctum. Filter, and mix the filtrate with am- 
monia and ammonium sodium phosphate. A crystalline 
precipitate, which often becomes visible only after long 
standing, indicates magieesium. (Magnesium is often found 
here in distinctly appreciable quantity, but calcium only 

in exceedingly minute amount, when alkali carbonates 
and phosphates are present.) 

6. Test for potassium and sodium, as directed in 168, and 
follow jS OT a according as magnesium is present or ab- 
sent. 

6. Tii th him, which is much more frequently found in 


* If vegetable or animal mattera are to be tested with certainty for the 
halogens, separate portions must be carbonized with the addition of sodium 

carbonate, and the aqueous solutions of the residues thus obtained examined* 
(Oompare the corresponding chapter of my Quantitative Analysis.**) 
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ashes than has hitherto been believed, and rubidium, 
* which almost constantly accompanies potassium, may be 
most readily detected by means of the spectroscope, in 
the residue consisting of the alkali salts (§ 98). 


6, Mcammation of the Part insolvtUe in Water, 

1. Warm the greater part of the residue left undis- 343 
solved by water (after further incineration if it contains 
much carbon) with hydrochloric acid (effervescence indi- 
cates OABBONIO ACID in combination with alkali-earth met- 
als ; and evolution of chlorine denotes oxides of manga- 
nese). Evaporate to dryness with a few drops of dilute 
sulphuric acid, heat a little more strongly upon an asbes- 
tos support or a sand-bath, to separate the smoic aoid, 
moisten the residue with hydrochloric acid and some 
nitric acid, add water, warm, and filter from the insoluble 
residue. Wash this with water, and then test the solu- 
tion and residue as follows : 


a . The Solution. 

aa. Test a portion with hydrogen sulphide. If 344 
this produces any other than a perfectly white 
precipitate, it must be examined in the usual way. 

(The ashes of plants occasionally contain copper, and 
if the plant has been manured with excrements de- 
odorized by lead nitrate, they may contain lead, 
and so on). 

hb. Mix a portion with ammonia until the result- 
ing precipitate no longer redissolves upon stirring ; 
then add ammonium acetate and some acetic aoid, 
so that the liquid reacts distinctly acid. In most 
cases, this produces a white precipitate of ferric 
PHOSPHATE, mixed occasionally with some aluminicm 
PHOSPHATE. Filter, wash the precipitate, heat it with 
pure potassium hydroxide solution, filter, and test 
the filtrate for aluminium by acidifying with hydro- 
chloric acid, adding ammonia, and warming. The 
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residue iusoluble in potassium hydroxide may, if re- 
quired, be dissolved in hydrochloric acid, and the so- 
lution tested with potassium sulphocyanide, for ibon. 

If the liquid filtered from the precipitate (consisting 
only or chiefly of ferric phosphate) is reddish, there 
is more iron present than corresponds to the phos- 
phoric acid; if it is colorless, add ferric chloride 
drop by drop till the fluid is reddish. (The quantity 
of the precipitate of ferric phosphate here formed 
will give some idea of the amount of phobphobio 
Aom present.) Heat to boiling the liquid which was 
reddish, or which has become so by the addition of 
ferric chloride (if the fluid does not lose its color, 
add more ammonium acetate and boil again), filter 
hot, neutralize the filtrate with ammonia (avoiding 
any considerable excess), and filter again if necessary. 

Mix the filtrate in a flask (which is to be almost full 
and closed with a stopper) with yellowish ammonium 
sulphide, filter off any precipitate that may form 
after long standing, and test it, according to 139 and 
beyond, for mangaotse and ziNO, the latter of which 
occurs only exceptionally in ashes. Test the liquid 
in which ammonium sulphide has produced no pre- 
cipitate, or the liquid filtered from such a precipi- 
tate, for OALOitJM (with which some strontium may be 
present) and magnesium, according to §§ 231 and 232. 

The Besidue. 

The residue insoluble in hydrochloric acid contains 345 
the silicic acid which has been separated by treating 
with hydrochloric acid, and also any banum present, as 
well as the greater part of any strontium, and possibly , 
some lead, in the form of sulphates, and finally the con- 
stituents of the ash, which are, by themselves, insoluble 
in hydrochloric acid. In most ashes, the latter are sand, 
clay, and charcoal; substances, therefore, which are pres- 
ent in consequence of defective cleaning or imperfect 
combustion of the plants, or matter derived from the 
crucible. It is only the ashes of the stalks of cereals 
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and other plants abounding in silicic acid that are not 
completely decomposed by hydrochloric acid. Boil the 
washed residue for a considerable time with solution of 
sodium carbonate in excess, filter hot, wash with boiling 
water, and test for srtioio AOm in the filtrate, hy erapora- 
tion with hydrochloric acid, according to § 180, 2. Heat 
the part of the residue remaining undissolved with very 
dilute nitric acid, and test this solution by the usual 
course of analysis, for lead, babittm, and stbontium. 

If the ash was of a kind to be completely decom- 
posed by hydrochloric acid, this part of the analysis may 
be generally considered as finished, for the accidental 
admixture of clay and sand will rarely interest the 
analyst sufficiently to warrant a more minute examina- 
tion by fusing. But if the ash abounded in silicic acid, 
it may therefore be supposed that the hydrochloric 
has failed to effect its complete decomposition, 
evaporate half of the residue insoluble in solution of 
sodium carbonate (after extracting it with dilute nitric 
acid and washing) to dryness, with solution of pure so- 
dium hydroxide in excess, in a silver or platinum dish. 
This decomposes the silicates of the ash, while affecting 
the sand but little. Acidify now with hydrochloric acid, 
evaporate to dryness, and proceed as in 343. For the de- 
tection of the alkalies in the part insoluble in water use 
the other half of the washed residue just mentioned, 
treating it according to 228. If alkali metals are found 
here, however, they can be considered as belonging prop- 
erly to the ash oidy when the latter was free from clay 
and other compounds possibly containing alkalies. 

2. The remainder of the ash, which has been ex- 
tracted with water, might be tested for ploubike accord- 
ing to § 176, 6 ; but since flourine is lost in incinerating 
organic substances containing this element (TAUUAinr*), 
and since, under certain conditions, any flourine not vola- 
tilized may go partly into the aqueous extract, it is 
necessary to examine a separate portion of any n-nimn.! 


* Zdtachr. f. uulyt. Chem., 24, 
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or Tegetable substance, in order to insure certainty in 
regard to flourine. For this purpose, the portion is 
heated with pure sodium or potassium hydroxide, evap- 
orated to dryness with this, incinerated, and the residue 
then examined according to § 176, 6. 



SECTION III. 


EXPLANATOBT NOTES AITD ADDITIONS TO THE 
SYSTEMATIC OOUESE OE ANALYSIS. 

I. AjDSinOKAL BKDCAJEtES TO THE PbETiTMTHABY EXAMINATION. 

To §§ 211-218. 

As already stated, the inspection of the physical proper- 
ties of a body, especially if it is not a mixture, may enable the 
analyst in many cases to draw certain general inferences as 
to its nature. For instance, if the analyst has a white sub- 
stance before him, he may at once conclude that it is not cin- 
nabar, or if a substance of low specific gravity, that it is not 
a compound of lead, etc. Inferences of this kind are quite 
admissible to a certain extent, and are advisable as long as 
they remain general ; but if carried too far, they are apt to 
mifll ead the operator by blinding him to every reaction not 
exactly in accordance with his preconceived notions. 

As regards the examination of substances at a high tem- 
perature, platinum foil or small iron spoons may also be used 
in the process ; but in most oases, the glass tube gives results 
more clearly evident, and affords, moreover, the advantage 
that volatile bodies are less likely to escape detection, and 
are more readily examined in respect to their nature. To 
ascertain the products of oxidation of a body, it is some- 
times also advisable to heat it in a short glass tube, open at 
both ends, somewhat contracted at the lower end, and held in 
a slanting position ; small quantities of a metallic sulphide, 
for instance, may be readily detected by this means (§ 187, 7). 

If a substance yields a sublimate (9) when heated in the 
glass tube, care must be taken about inhaling the vapors 
which the substance evolves upon heating on charcoal (11), in 
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order that the injurious vapors of mercury salts or of other 
poisonous, metallic compounds may not be breathed in large 
quantities. 

With respect to the preliminary examination by means of 
the blowpipe, it should be mentioned that the student must 
avoid drawing positive conclusions until he has acquired some 
practice. A slight coating of the charcoal, which may seem 
to denote the presence of a certain metal, is not always a 
conclusive proof of the presence of that metal ; nor would it 
be safe to assume the absence of a substance simply be- 
cause the blowpipe flame fails to effect reduction, or solu- 
tion of cobalt nitrate fails to impart a color to the ignited 
mass, etc. In most cases, the blowpipe reactions are un- 
erring, but it is not always easy to produce them, and they 
are, moreover, liable to suffer modifloation by accidental cir- 
cumstances. 

Finally, it may be mentioned, as a matter of experience, 
that many beginners entirely neglect the preliminary exami- 
tion in order to save trouble and time, having the idea that 
they will be able to discover the nature of the substance by 
means of the actual examination alone. Instead of pointing 
out the erroneousness of this opinion, it may be mentioned, by 
way of example, that those who are possessed of this idea 
are seen searching for hours for the organic adds until they 
finally find all of them absent. And all this is done to save 
time and trouble 1 


n. Additional Btmabks to the Solution, etc., of Substances. 

To§§214r-217. 

When the charaoteristios of the classes given in § 214 
(into which are divided all substances, with the exception 
of those which are metallic, according to their behavior 
with certain solvents) are considered, they seem more 
sharply defined than is actually the case. This lack of 
precision is due to the difficultly soluble substances which 
stand upon the border-line, and it often gives occasion for 
mistakes on the part of the beginner. Some remarks 
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concerning this division into classes vnll, therefore, be made 

here. . x ,• -j. 

The greatest difficulty occurs in fixing the exact limit 

betvreen substances which are soluble in water and those 
that are insoluble in that liquid, since the^ number of 
bodies which are sparingly soluble in water is especially 
large, and the transition from sparingly soluble to insoluble 
is very gradual. Calcium sulphate, which is soluble in about 
450 parts of water, might perhaps serve as a limit between 
the two classes, since this salt may be positively detected 
in its aqueous solution by the delicate reagents for calcium 
and sulphuric acid. 

When ftTftmim'ng an aqueous fluid by evaporating a few 
drops of it upon platinum foil, to see whether it holds a 
solid body in solution, a very minute residue sometimes re- 
mains, which leaves the analyst in doubt respecting the 
conclusion to be drawn. In cases of this kind, in the first 
place, test the reaction of the fluid with litmus-papers ; in the 
second place, add to a portion a drop of solution of barium 
chloride ; and lastly, to another portion, add some dissolved so- 
dium carbonate. Should the fluid be neutral, and remain 
unaltered upon the addition of these reagents, the analyst 
need not, as a general rule, examine it further for metals or 
acids ; for if the fluid contained any of those metals or acids 
which principally form sparingly soluble compounds, the 
reagents employed would have revealed their presence. The 
analyst may therefore feel assured that the detection of the 
substance of which the residue left upon evaporation con- 
sists will be more readily effected in the class of bodies 
insoluble in water. 

If water has dissolved any part of the substance under 
examination the student will always do well to examine the 
solution by itself both for adds and bases, since this will lead 
more leacUy to a correct apprehension of the nature of the 
compound and will give greater certainly — ^two advantages 
which will amply counterbalance the drawback of sometimes 
meeting with the same substance both in the aqueous and in 
the acid solution. 

The following substances (with few exceptions) are insolu- 
ble in water, but soluble in hydrochloric or nitric acid : The 
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phosphates, arsenates, arsenites, borates, carbonates, and 
oxalates of all but the alkali metals ; also yarious tartrates, 
citrates, malates, benzoates, salicylates, and succinates ; the 
oxides, hydroxides, and sulphides of the heavy metals; 
alumina, magnesia ; many of the metallic iodides and cyanides, 
etc. Nearly all these bodies are decomposed by boiling con- 
centrated hydrochloric acid, if not by the dilute acid (see § 239 
for the exceptions), but this decomposition gives rise to the 
formation of insoluble or sparingly soluble compounds in the 
presence of silver, mercury (in mercurous salts), and lead. 
This is not the case with nitric acid, and accordingly the 
latter effects complete solution in many cases where hydro, 
chloric acid leaves a residue. On the other hand, however, 
besides the bodies insoluble in any simple acid, nitric acid 
leaves antimonious oxide, stannic acid, manganese dioxide, 
lead dioxide, etc., undissolved, and dissolves many other sub- 
stances less readily than hydrochloric acid (e.gr., ferric oxide 
and alumina). 

Substances not soluble in water are therefore to be treated 
as follows : Try to dissolve them in dilute or concentrated, 
cold or boiling, hydrochloric acid ; if this fails to effect 
complete solution, try to dissolve a fresh portion in nitric 
acid ; and if this also fails, treat the body with aqua regia, 
which is an excellent solvent, more particularly for metallic 
sulphides. To examine separately the solution in hydrochloric 
or in nitric acid, on the one hand, and that in nitro-hydro- 
chloric acid on the other, is, in most cases, neither necessaiy 
nor desirable. To prepare a solution in nitric acid, or in 
aqua regia, where the nature of the substance does not de- 
mand it, IS not advisable, as a solution in hydrochloric acid 
is much better suited for precipitation by hydrogen sulphide. 
Nor is it advisable to concentrate a Solution in aqua regia by 
evaporation, in order to drive off the excess of the acids, as the 
operation might lead to the partial escape, at least, of volatile 
chlorides — mercuric chloride, for example. It is therefore 
always best to use no more aqua regia than is necessary to 
effect solution. Solutions prepared with hydrochloric acid 
generally contain the metals in the same state of oxidation in 
which they were originally present (the* peroxides and oxides 
resembling these, form exceptions, and also mercurous com- 
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pounds, since mercurous chloride when boiled with hydro- 
chloric acid for a long time gradually decomposes into the 
metal and mercuric chloride). On the other hand, solutions 
prepared with nitric acid or aqua regia frequently contain 
the metals in a higher state of oxidation. Thus, ferrous, 
stannous, and arsenious compounds are converted into ferric, 
stannic, and arsenic compounds, a circumstance which should 
always be borne in mind. 

With regard to the solution of metals and alloys, it should 
be mentioned that, upon boiling them with nitric acid, white 
precipitates will frequently form, although neither tin, anti- 
mony, nor silicon (44) are present. Inexperienced students 
often confound such precipitates with the oxides of these ele- 
ments, although their appearance is quite different. These 
precipitates consist simply of nitrates sparingly soluble in 
the nitric acid present, but readily soluble in water. Conse- 
quently the analyst should ascertain whether these white 
precipitates will dissolve in water before he concludes that 
they consist of tin or antimony, etc. 


in. Additional Eemabks to the Actual Analysis. 

To §§ 218-240. 

A. Genbbal Eeview and Explanation op the Analytical 

OOUESE. 

a. Detection of the metals. 

In Part I, Section III, which treats of the behavior of 
bodies with reagents, the metals have been divided into 
six groups, and in the section just mentioned it has been 
shown how the metals of each group are separated from 
each other or are recognized in the presence of each other. 
In general, these groups are the same as those into which we 
separate the metals in the course of analysis. The course 
of analysis set forth in §§ 226-234, in which the presence 
of all the metals taken into consideration is assumed, is based 
upon this separation into groups, and upon the recogni- 
tion of the individual metals of these groups. In the course 
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just mentioned, it was of primary importance to give a prac- 
tical introduction to the process of actual analysis. On 
account of this aim, much had to be inserted which is not 
necessary for a purely theoretical comprehension of the sub- 
ject, and which is rather an impediment to a rapid summary 
of it. Since such a comprehension and summary appear 
to be the most indispensable requirements for successful 
work, the key to the process, as far as the separation of the 
groups is concerned will be briefly given here. Eegarding 
the detection of the metals individually, reference is made to 
to what is said under the heading “Recapitulation and 
Remarks,” from § 93 to § 157. 

The general reagents which serve to divide the metals 
into principal groups are — hydboohloeio aoid, hzdbogen 
StJLPHIDB, AKMONIUM SULPHIDE, and AMMONIUM: OAKBONATE ; and 
this is likewise the order of succession in which they are 
applied. Ammonium sulphide performs a double part, in 
one of which it is sometimes replaced by sodium sulphide. 

Let us suppose we have simultaneously in solution all 
the metals considered in the course of analysis, including 
both arsenious and arsenic acids, and also calcium phosphate, 
the latter serving as a type of the salts of the alkali-earth 
metals, soluble in acids, and reprecipitated unaltered by 
ammonia. 

Chlorine forms insoluble compounds only with silver and 
mercury (in the mercurous state) ; while lead chloride is spar- 
ingly soluble in water. If, therefore, we add to our solution 

1, HydrooJdone Add, 

we remove from it the metals of the first division of the fifth 
group, vIe., the whole of the siLVEE and the whole of the 
MEBOUET existing in mbbodbous form. From concentrated 
solutions, a portion of the t.ead may likewise precipitate as 
chloride, but this is immaterial, as a sufficient quantity of the 
lead remains in the solution to permit the subsequent detec- 
tion of this metal. 

Hydrogen sulphide completely precipitates the metals of 
the fifth and sixth groups from solutions containing a free 
mineral acid. But none of the other metals are precipitated 
under these circumstances, since those of the first and second 
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groups (not considering the fact that their sulphides cannot 
exist in acid solutions) form no sulphur compounds which are 
insoluble in water ; the sulphides of the third group (alumin- 
ium sulphide and chromium sulphide) cannot be formed in 
the wet way ; while those of the fourth group, although they 
are insoluble in water, cannot exist in presence of mineral 
adds in excess. 

If, therefore, after the removal of silver and (mercurous) 
mercury, by means of hydrochloric acid, we add to the 
solution, which still contains free hydrochloric acid, 

2, Hydrogen Sidphide, 

we remove from it the remainder of the metals of the fifth, 
together with those of the sixth group, viz., LEAD, (mercuric) 
MEBOraV, COPPEE, BISMUTH, OADMIDH, aS Well aS GOLD, PLATmtTM, 
TIN, ANnMONV, and absenio. All other metals remain in solu- 
tion, either unchanged in their state of oxidation or reduced 
to a lower one (e. g., ferric compounds and chromic acid). 

The sulphides (at least the higher sulphides) of the metals 
of the sixth group combine with the sulphides of the alkali 
metals or ammonium, and form sulphur salts soluble in water ; 
but the sulphides of the metals of the fifth group do not 
possess this property, or possess it only to a limited extent. 
(Mercuric sulphide dissolves in sodium sulphide and in potas- 
sium sulphide, but it is as good as insoluble in ammonium 
sulphide; while copper sulphide dissolves slightly in am- 
monium sulphide, but not in potassium or sodium sulphide.) 
If, therefore, we treat the whole of the sulphides precipi- 
tated by hydrogen sulphide from an acid solution, with 

3. Ammmtmm SidpMde (or if the case requires it, SocUwn 
SuTpMde), 

with the addition, if necessary, of some sulphur or yellow am- 
monium sulphide, the sulphides of mercury, lead, copper, bis- 
muth, and cadmium, remain undissolved, while the other 
sulphides dissolve completely as compounds of the sulphides 
of GOLD, PLATiNDiL ANTOfONT, TIN, ABSENIO, with ammonium 
sulphide (ox sodium sulphide), and precipitate again from 
this solution upon the addition of hydrochloric acid, either 
unaltered or in a state of higher sulphuration (they take up 
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sulphur from the yellow ammonium sulphide). The acid 
decomposes the sulphur salt formed. The sulphur base 
(ammonium sulphide or sodium sulphide) is decomposed by 
hydrochloric acid into the chloride and hydrogen sulphide, 
and the liberated sulphur acid precipitates. Sulphur pre- 
cipitates at the same time, if the ammonium sulphide contains 
an excess of that element The analyst must bear in mind 
that this separated sulphur makes the precipitated sulphides 
appear of a lighter color than they are naturally. 

The sulphides corresponding to the metals still remaining 
in solution are part of them (as those of the alkali and 
alkali-earth metals) soluble in water ; part (as those of alu- 
minium and chromium) cannot form in the wet way ; and part 
(as those of the fourth group) are insoluble in water. The last 
would, accordingly, have been precipitated by hydrogen 
sulphide, but for the free acid present If, therefore, this free 
acid is removed, i.c., if the solution is made alkaline, and then 
treated with more hydrogen sulphide, if required, or, what 
will answer both purposes at once, if 

4. Ammonium Sulphide 

is added to the solution (after previous neutralization of the 
free acid by ammonia, to prevent unnecessary evolution of 
hydrogen sulphide, and after previous addition also, if neces- 
sary, of ammonium chloride, to prevent the precipitation of 
magnesium hydroxide by ammonia), the sulphides of the 
metals of the fourth group will precipitate, viz., the sulphides 
of lEON, MANGANESE, COBALT, NICKEL, and ZINC. But in conjunc- 
tion with them, aluminidm hydboxidb, oebomic htdboxlde, and 
CALCIUM phosphate are thrown down, because the acids of the 
aluminium and chromic salts, and the acid which has kept 
the calcium phosphate in solution, have gone over into am- 
monium salts, in which the separated hydroxides as well as 
the calcium phosphate are insoluble. 

There remain now in solution only the alkali-earth metals 
and the alkali metals. The normal carbonates of the former 
are as good as insoluble in water, while those of the latter are 
soluble. If, therefore, we now add 

6. Ammxmivm Oarlomte^ 

together with a little free ammonia, to guard against the pos- 
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sible formation of bicarbonates, the whole of the alkali-earth 
metals might be expected to precipitate. This is, however, 
the case only as regards barium, strontium, and calcium * Of 
magnesium, we know that, owing to its disposition to foim 
soluble compounds with ammonium salts, it precipitates only 
in part ; and that the presence of additional ammonium salt 
will altogether prevent its precipitation, at least within a 
short time. To guard against any uncertainty arising from 
this cause, ammonium chloride, if it is not already present in 
sufficient amount, is added previously to the addition of the 
ammonium carbonate, and after the latter has acted for a 
short time the liquid is filtered, and thus the precipitation of 
the magnesium is altogether prevented. 

TV^e have now still in solution magnesium and the alkali 
METALS. The detection of magnesium may be effected by 
means of ammonium sodium phosphate and ammonia ; but its 
separation requires a different method, since the presence of 
sodium and phosphoric acid would impede the further prog- 
ress of the analysis. The process which serves to effect the 
removal of the magnesium is based upon the insolubility of 
magnesium hydroxide. The residue obtained by evaporating 
the solution to dryness is accordingly ignited in order to 
expel the ammonium salts, any sulphuric acid or other acid 
present forming a barium salt insoluble in water, which would 
impede the detection of the alkali metals, is removed by the 
addition of barium chloride, and the magnesium is precip- 
itated as hydroxide by means of barium hydroxide or milk of 
lime, whereupon the alkali metals remain in solution together 
with soluble barium (and calcium) compounds. By the addi- 
tion of ammonium carbonate, the barium and calcium com- 
pounds are removed from the solution, which now only 
contains the alkali metals and the ammonium salts that 
have been formed and have been added in excess. If the 


* It has been already explained in § 104 that traces of these remain in solu- 
tion, partly because theii carbonates are not absolutely insoluble In water, 
but principally because they are noticeably soluble in ammonium chloride 
solution. On account of this deportment, tfte filtrate from the ammonium 
carbonate precipitate is tested with ammonium sulphate and oxalate in 162. 
In the general explanation of the course given in the text, these traces of 
barium, strontium, and calcium, are not taken Into account. 
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ammonium salts are then removed by ignition, the residue 
consists of the alkali-metal chlorides alone. But as bariunx 
carbonate and calcium carbonate are slightly soluble in am 
monium salts, and give barium chloride and calcium chloride 
upon evaporation with ammonium chloride, it is usually neces- 
sary, after the expulsion of the ammonium salts by ignition, 
to precipitate once more with a little ammonium carbonate 
and a drop or two of ammonia, in order to obtain a solu- 
tion perfectly free from barium and calcium, in which potas- 
sium and SODIUM may now be detected without difficulty. 

Lastly, to ejffect the detection of the ammonium, a fresh por- 
tion of the substance must, of course, be taken. 


b . Detection oe the acids. 

Before passing on to the examination for acids and halo- 
gens, the analyst should ask himself which of these can be 
present, judging from the class to which the substance under 
examination belongs with respect to its solubility, since this 
wUl save making unnecessary experiments. Upon this point, 
the beginner will find the table in Appendix IV useful. 

For the detection of the acids, the general reagents applied, 
as we have seen, are barium chloride and silver nitrate for 
the inorganic acids, and for the organic acids, calcium ohloridb 
and ferric chloride. It is therefore indispensable that the 
analyst should first assure himself whether the substance 
under examination contains only inorganic acids, or whether 
organic acids must also be looked for. The latter is invariably 
the case if the body, when ignited, turns black, owing to sep- 
aration of carbon. In the examination for metals, the gen- 
eral reagents serve to effect the actual separation of the 
several groups of metals from each other ; but in the exami- 
nation for acids, they serve chiefiy to demonstrate the presence 
or absence of the acids belonging to the different groups. 

Let us suppose that we have an aqueous solution contain- 
ing all the acids, in combination with sodium, for instance. 

Barium forms insoluble, or difficultly soluble, compounds 
with sulphuric, phosphoric, arsenious, arsenic, carbonic, 
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silicic, boric, chromic, oxalic, tartaric, and citric acids ; barium 
fluoride is also insoluble, or at least only sparingly soluble ; 
and all these compounds are soluble in hydrochloric acid, 
Trith the exception of barium sulphate. If, therefore, to a 
portion of the neutral, or, if necessary, neutralized solution, 
-we add 

1. Bwrivm CUoride, 

the formation of a precipitate denotes at once the presence 
of at least one of these acids. By treating the precipitate 
mth hydrochloric acid, we learn that sulphuric acid is 
present, as all the other barium salts dissolve, while barium 
sulphate remains undissolved. Where barium sulphate is 
present, the reaction with barium chloride shows positively the 
presence of only a part of the other acids enumerated ; for upon 
filtering the hydrochloric acid solution of the precipitates, and 
supersaturating the filtrate with ammonia, the borate, tar- 
trate, citrate, etc., of barium do not always fall down again, 
being kept in solution by the ammonium choride formed. 
For this reason, barium chloride cannot serve to effect the 
actual separation of all the acids named, and, except as 
regards sulphuric acid, no value is placed upon this reagent 
as a means of effecting their individual detection. Still it 
is of great importance as a reagent, because the non- 
formation of a precipitate upon its application in neutral 
solutions proves at once the absence of so considerable a 
number of adds. 

The compounds of silver with sulphur, chlorine, iodine, 
bromine, cyanogen, ferrocyanogen, ferricyanogen, and sulpho- 
cyanogen, and with phosphoric, arsenious, arsenic, boric, 
chromic, silidc, oxalic, tartaric, and citric acids, are insoluble, 
or difiioultly soluble in water. All these compounds are sol- 
uble in dilute nitric acid, with the exception of the chloride, 
iodide, bromide, cyanide, ferrooyanide, ferricyanide, sulpho- 
oyanide, and sulphide of silver. If, therefore, we add to our solu- 
tion, which, for the reason just stated, must be perfectly neutral, 

2. BUmer JUTi^rode, 

and precipitation ensues, this shows at once the presence of 
one or several of the acids enumerated, but, as far as the most 
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of them are concerned, only in a general way. Chromic amd, 
arsenic acid, and several others, which form colored salts with 
silver, may be individually recognized with tolerable certainty 
by the mere color of the precipitate. By now treating the pre- 
cipitate with nitric acid, we see whether it contains silver 
sulphide or any of the halogen compounds of silver, as these 
remain undissolved, while all the oxygen salts dissolve. Sil- 
ver nitrate fails to effect the complete separation of those acids 
which form with silver compounds insoluble in water, from 
the same cause which renders the separation of acids by 
barium chloride uncertain, viz., the ammonium salt formed 
prevents the reprecipitation by ammonia of several of the 
silver salts from the acid solution. Silver nitrate, besides ef- 
fecting the separation of chlorine, bromine, iodine, cyanogen, 
etc., and indicating the presence of chromic acid, etc., serves, 
like barium chloride, to demonstrate at once the absence of a 
great many acids, where it produces no precipitate in neutral 
solutions. 

The deportment which the solution under examination ex- 
hibits with barium chloride and with silver nitrate, at once 
indicates, therefore, the further course of the investigation. 
For instance, where barium chloride has produced a precipi- 
tate, while silver nitrate has failed to do so, it is not necessary 
to test for phosphoric, chromic, boric, silicic, arsenious, 
arsenic, oxalic, tartaric, and citric acids, provided always that 
the solution was sufSciently concentrated and did not already 
contain ammonium salts. A similar conclusion may be drawn 
if a precipitate is obtained by silver nitrate, but none by 
barium chloride. It is obvious that many separate experi- 
ments may be saved by these simple combinations. 

Betuming now to the supposition which has been made 
here, viz., that all the acids are present in the solution under 
examination, the reactions with barium chloride and silver 
nitrate would accordingly have already demonstrated the 
presence of suLPHinao actd and led to the application of the 
special tests for ohloeinb, bbominb, iodine, otanogbn, ebbboot- 
ANOOEN, FEEHTOYANOGEN, SDLPHOOTANOGEN, and BTJLPHDB (the 
separation and special detection of which is explained in 
§ 188), and there would be reason to test for all the other acids 
precipitable by either of these two reagents. The detection 
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of these acids is based entirely upon the results of special 
experiments, which have already been fully described and 
explained in the course of the present work, and may be 
passed over here. The same remark applies to the rest of 
the inorganic acids, that is, to nitric acid and chloric acid. ^ 

Of the OBGANio AOIDS, oxalic, racemic, and tartaric acids 
are precipitated by calcium chloride in the cold, in presence of 
ammonium chloride j the two former immediately, the latter 
often only after some time ; but the precipitation of calcium 
citrate is prevented by the presence of ammonium salts, and 
ensues only upon ebullition or upon mixing the solution with 
alcohol The latter agent also serves to effect the separation 
of calcium malate and succinate from atjueous solutions con- 
taining ammonium chloride. If, therefore, we add to our fluid 

8. OoUdwin, GMoride in excess and Ammomwm Chloride, 

ATitT.Tn acid, eaoemio aoid, and tabtabic acid are precipitated, 
but the calcium salts of several inorganic acids (calcium 
phosphate, for instance), if such are present, precipitate along 
with them. We must therefore select for the individual de- 
tection of the precipitated organic acids, only such reactions 
as preclude the possibility of confounding the organic acids 
with the inorganic acids that are thrown down along with 
them. For the detection of oxalic aoid, we select, accordingly, 
solution of calcium sulphate, with acetic acid (§175, 5) ; to ef- 
fect the detection of the tartaric and racemic acids, we treat 
the precipitate produced by calcium chloride with solution of 
caustic soda, since the calcium salts of these two acids only 
are soluble in this solution in the cold, but insoluble upon 
boiling. 

Of the organic acids, we have now still in solution citric and 
malic acids, succinic, salicylic, and benzoic acids, acetic and 
formic acids. Omao acid, matjo acid, and also snoocnc 
AOID precipitate upon addition of alcohol to the fluid filtered 
from the oxalate, tartrate, etc., of calcium, if it still contains 
an excess of calcium chloride. Sulphate and borate of cal- 
cium invariably precipitate along with the malate, citrate, 
and succinate of calcium, if sulphuric acid and boric acid 
happen to be present. The analyst must therefore carefully 
guard against confounding the ctdcium precipitates of these 
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acids with those of citric acid, malic acid, and succinic acid. 
The alcohol is now removed by evaporation, and 

4. Ferric Chloride 

added to the neutral fluid. This reagent precipitates the 
BENZOio Aom as a ferric salt, while saliovuo aoib (which is to 
be recognized by the violet coloration of the liquid), eobmio 
A om, and aoetio acid remain in solution. The methods which 
serve to effect the further separation of the groups, and the 
reactions on which the individual detection of the various 
acids is based, have been fully described and explained in the 
former part of this work, and cannot, therefore, be repeated 
here. 


B. Sfeoial Bemabks and Additions to the Svstematio 

CODBSE OF AuALVSIS. 

Attention will be called here to several matters which were 
necessarily passed over in the description of the ordinary 
course of analysis, and the present opportunity is taken to 
explain, in finer print, how the course may be expanded to 
meet the detection of babe metals. 

To § 226. 

At the commencement of § 225, the analyst is directed to 
mix nedtbal or aoid aqueous solutions with hydrochloric acid. 
This should be done drop by drop. If no precipitate forms, 
a few drops are generally sufficient, since in that case, the only 
object is to acidify the fluid in order to prevent the subsequent 
precipitation of the metals of the iron group by hydrogen sul- 
phide. In the case of the formation of a precipitate, some 
chemists recommend that a fresh portion of the solution should 
be acidified with nitric aoid. However, even leaving the fact 
out of consideration, that nitric acid also produces precipitates 
in many cases (in a solution of potassium antimonious tartrate, 
for instance) the use of hydrochloric acid, i.e., the complete 
precipitation by that aoid of all that is preoipitable by it, is to 
be preferred for the following reasons : 1. Metals are more 
readily precipitated by hydrogen sulphide from solutions 
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acidified mth hydrochloric acid than from those acidified with 
nitric acid ; 2. iu cases where the solntion contains silver, 
(mercurous) mercury, or lead, the further analysis is materially 
facilitated by the total or partial precipitation of these metals 
in the form of chlorides j and 3. The latter form is the best 
adapted for the individual detection of these three metals when 
present in the same solution, and, further, the application of 
hydrochloric acid saves the necessity of examining to find 
whether the mercury, which may be subsequently detected 
with the other metals of the fifth group, was onginally present 
in the mercurous or mercuric form. That the lead, if present 
in large proportion, is obtained partly in the form of a chloride, 
and partly in the precipitate produced by hydrogen sulphide 
in the acid solution, can hardly be urged as an objection to 
the appUcation of this method, for the removal of the larger 
portion of the lead from the solution, effected at the com- 
mencement, will only serve to facilitate the examination for 
other metals of the fifth and sixth groups. 

As already stated, along with the two insoluble chlo- 
rides and the difficultly soluble lead chloride, a basic anti- 
monious salt may separate (e. y., from tartar emetic or an 
analogous compound), also basic bismuth chloride and meta- 
stannic chloride, and finally also silicic acid, benzoic acid, 
and saHcylio acid. But since basic antimonious salts as well 
as basic bismuth chloride are soluble in an excess of hydro- 
chloric acid, these go into solution when the amount of hydro- 
chloric acid is increased. They have no influence, therefore, 
upon the rest of the prooesa The application of heat to the 
fluid mixed with hydrochloric acid is neither necessary nor 
even advisable, since it might cause the conversion of a little 
of the precipitated mercurous chloride into mercuric chloride. 

Should bismuth, antimony, lead, or metastannio acid be 
present, the addition to the first filtrate of the water used for 
washing the precipitate produced by hydrochloric acid 
may cause turbidity or a precipitate. In the' case of bis- 
muth and antimony, this is occasioned by an insufficiency of 
free hydrochloric acid to prevent the separation of basic 
salts ; but in the case of lead chloride and metastannic acid, 
by the lead chloride or metastannio chloride dissolving in the 
wash-water, and then meeting with sufficient hydrochloric 
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acid in the filtrate for reprecipitation. The subsequent pro- 
cess, however, is not modified on account of this turbidity or 
precipitation, since hydrogen sulphide as readily converts 
these finely divided precipitates into sulphides as if the 
metals were in actual solution. 

If benzoic acid or salicylic acid should be mixed with 
the precipitate treated with an excess of hydrochloric acid, 
and washed with cold water, these would then dissolve with 
the lead chloride in the subsequent treatment with hot water, 
but they would not interfere with the detection of lead in this 
solution. 

In the case of alkaline solutions, the addition of hydro- 
chloric acid must be continued until the fluid shows a strongly 
acid reaction. The substance which causes the alkaline re- 
action combines with the hydrochloric acid, and the bodies 
originally dissolved in that alkaline substance separate. Thus, 
if the alkali was combined with metallic oxides, zinc hydrox- 
ide, alumina, etc., may precipitate here. But these hydrox- 
ides will redissolve in an excess of hydrochloric acid, whereas 
silver chloride or silicic acid will not redissolve, and lead 
chloride only with diflSculty. If a metallic sulphur salt is the 
cause of the alkaline reaction, the sulphur acid (e.^., anti- 
monic sulphide) precipitates upon the addition of the hydro- 
chloric acid, while the sulphur base (6.gr., sodium sulphide) 
forms with the constituents of the hydrochloric acid, sodium 
chloride, and hydrogen sulphide. If a carbonate, a cyanide, 
or a sulphide of an alkali metal is the cause of the alkaline 
reaction, carbonic acid, hydrocyanic acid, or hydrogen sul- 
phide escapes. All these phenomena should be carefully 
observed by the analyst, since they not only indicate the 
presence of certain substances, but demonstrate also the ab- 
sence of entire groups of bodies. 

Precipitates are also produced by hydrochloric acid in solutions con- 
taining thallious salts, alkali-metal salts of antimonic, tantalic, niobic, 
moljhdig, and tun^tio ajids.* The precipitates originating from antimonic, 
“S^li^ and molybdio acids dissolve (the tantalic acid to an opalescent fluid), 
while THALUOiTS OHLOBEOB, NiOBio AOH), andTUNGSTio AOD) do uot dissolve, or 


*From solutions of metatungstates, hydrochloric acid precipitates common 
tungstic acid, but only after long-conflnued boiling. 
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are but slightly soluble, in an excess of hydroohlonc acid. The latter, there- 
tore, remain with the precipitate, which may also contain silver chloride, 
mercurous chloride, lead chloride, and silicic acid. Separation of sulphur 
ensmng after some time on addition of hydrochloric acid, accompanied by 
the odor of sulphurous acid, indicates thiosdlphdbio acid. If it is desired 
to test for rare metals, after exhausting the precipitate with boiling 
water, oTamina the flmd for thaluhu by potassium iodide (confirming by 
the spectroscope). On exhausting with water and treating with ammonia, 
the silver ohlonde is wholly or at least partly dissolved, and also any 
tungstic acid present, from this solution, ammonium sulphide then precipi- 
tates silver sulphide, and from the filtrate from this, dilute hydrochloric 
acid precipitates tungstic sulphide. By the treatment with ammonia, mer- 
curous chlonde is converted into a blach mixture of very finely divided 
mercury and the so-called infusible white precipitate, with which silver 
chloride may remam (J. Baenes, Moeok). (Compare § 188.) If the residue 
is treated as is there directed, the metallio silver may be extracted with 
dUnte nitric acid, the sihcic acid may be volatilized with hydrofiuoric and 
sulphuric acids, and the uiobic acid remaining behind may be dissolved in 
aqueous hydrofluoric add, after fusion with potassium disulphate. 


To §§ 226 and 227. 

A judioiouB distribution and economy of time are especially 
to be studied in the practice of analysis ; and many of the 
operations, which the student may readily perceive and ar- 
range for himself, may be carried on simultaneously. Por in- 
stance, after making a precipitation with hydrogen sulphide, 
instead of folding one’s hands until the precipitate is fully 
washed, the first drops of the filtrate may be tested with am- 
monium sulphide to see if there is any metal of that group 
present, and if this is not the case, the operator may proceed 
to test with ammonium carbonate. He will thus be able, 
while washing the hydrogen sulphide precipitate, to treat the 
filtrate with the proper group reagent Again, while digest- 
ing the first precipitate with ammonium sulphide, the second 
precipitate may be washed, etc. When the student has accus- 
tomed himself to distribute his time in this way, he can ac- 
complish more in one hour, without working at all hastily, 
than he otherwise would do in two. 

In oases where the analyst has simply to deal with metals 
of the sixth group (e.g., antimony) and of the fourth or fifth 
group {ejg., iron or bismuth), he need not precipitate the acid- 



EEMABKS AKD ADDITIOITS TO §§ 226 AND 227. 647 


ified solution with hydrogen sulphide, but may, after neutral- 
ization, at once add ammonium sulphide in excess. The iron, 
etc., will in that case precipitate, while the antimony, etc., 
will remain in solution, from which, by addition of an acid, 
they will be thrown down at once as antimonious sulphide, 
etc. This method has the advantage that the fluid is diluted 
less than in the case where solution of hydrogen sulphide is 
employed, and that the operation is performed more expe- 
ditiously and conveniently than is the case where hydrogen 
sulphide gas is conducted into the fluid. Attention must again 
be called to the very constant occurrence of mistakes through 
the use of spoiled or too weak hydrogen sulphide water, 
through the use of an insufficient quantity of hydrogen sul- 
phide water, or through passing the gas into a solution con- 
taining a TOO lABGE EXCESS of hydrochloric or nitric acid. Im- 
agine a very acid solution containing iron and bismuth. If 
hydrogen sulphide gas is passed into it, or a few drops of the 
water are added, no precipitate will be produced, for the pres- 
ence of the great excess of concentrated hydrochloric acid 
makes its formation impossible. If, with the idea that no 
metal of the hydrogen sulphide group is present, ammonium 
sulphide is then added, a precipitate containing the sulphides 
of iron and bismuth will be obtained, and on treating this with 
dilute hydrochloric acid, the bismuth sulphide will remain as 
a black residue, indicating the presence of nickel or cobalt. As 
soon as the right path has once been left in this manner, it is 
extremely difficult, or even almost impossible, for the beginner 
to And the way again. There is scarcely another rook in the 
whole course of analysis upon which analyses are more fre- 
quently wrecked, especially where gaseous hydrogen sulphide 
is used, and where the fact is so frequently unheeded that 
the precipitate cannot form in very acid solutions unless they 
are diluted with water. Arsenic acid also may be very easily 
overlooked unless the action of hydrogen sulphide is facili- 
tated by the application of a proper degree of heat for a suf- 
flcient length of time. The indicated difficulties may be 
avoided if a portion of the liquid filtered from the hydrogen 
sulphide precipitate is taken, before its treatment with ammo- 
nium sulphide is proceeded with, and about four volumes of 
good hydrogen sulphide water are added to it, and it is ob- 
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served wliether a further precipitatioD is thus produced, either 
in the cold or upon -warining. 

While the treatment of a too concentrated solution, con- 
taining too much hydrochloric acid, with hydrogen sulphide, 
especially with the gas, interferes with the proper perform- 
ance of the analysis, it is also possible, on the other hand, 
for difficulties to arise from the addition of too small an 
amount of hydrochloric acid, because in that case, especially 
in the presence of certain salts (c.g^., alkali-metal acetates), sul- 
phides of the fourth group, also, especially zinc sulphide, may 
go into the precipitate containing the sulphides of the fifth 
and sixth groups. Sometimes this cannot be prevented, even 
by an increased addition of hydrochloric acid, and, therefore, 
in the examination of the sulphides of the fifth group in the 
course of analysis, it must be taken into consideration, that 
metals of the fourth group, especially zinc, may possibly be 
found here also. 

In like manner, the insufficient washing of the precipitate 
obtained by hydrogen sulphide from a solution acidified 
with hydrochloric acid often gives rise to mistakes, and to an 
entirely unnecessary retardation of the analysis. Mistakes 
may occur, because mercuric sulphide is insoluble in hot nitric 
add, only when it contains no hydrochloric acid, and unneces- 
sary intricacies result when the improperly washed precip- 
itate is tested with ammonium sulphide to find whether it 
is wholly soluble, not at all soluble, or partly soluble, in this 
reagent. It is evident that this important decision cannot be 
made ii a solution containing iron, nickel, etc., still adheres to 
the predpitate. 

In treating add solutions with hydrogen sulphide, or in 
decomposing by hydrochloric add the ammonium sul- 
phide used to effect the solution of sulphides of the sixth 
group, it occasionally happens that predpitates are ob- 
tained which look almost like pure sulphur, and thus leave 
the analyst in doubt as to whether it is really requisite 
to examine them for metals. In such oases, however, a decis- 
ion may be reached with certainty by ahalring with benzol 
or petroleum-ether, as prescribed in the course of analysis, 
since these solvents effect the solution of the finely divided 
sulphur, but not that of the metalUo sulphides. It is there- 
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fore unnecessary to follow the formerly customary, more 
roundabout way of treating the washed precipitate with a 
solution of bromine in hydrochloric acid, or with hydrochloric 
acid and some potassium chlorate, diluting, filtering, and, 
after driving off the free bromine or chlorine by heating, 
treating the liquid anew with hydrogen sulphide in order to 
detect the presence of metals of the fifth or sixth groups. 
If it should be preferred to use the precipitate, freed from 
sulphur by means of benzol or petroleum-ether, directly for 
further examination, pour the liquid containing it upon a 
moistened filter, allow the aqueous liquid to run off, and then 
pour absolute alcohol upon the filter. After the alcoholic 
liquid has passed through the filter, wash the precipitate, 
first with alcohol, then with water, and use it for further exam- 
ination. 

The following sulphides of the rarer elements pass into the precipitate 
produced by hydrogen sulphide in an acid solution : The sulphides of pal- 
ladium, rhodium, osmium, ruthemum, iridium,* germanium, molybdenum, 
tellurium, selenium, and possibly of thallmm.+ 

The following rare compounds cause separation of sulphur, by decom- 
posing the hydrogen sulphide : The higher oxides and chlorides of manga- 
nese and cobalt, vanadio acid (with blue coloration of the fluid), nitrous acid, 
sulphurous acid, and thiosulphuric acid, hypochlorous and chlorons acids, 
bromic acid, and iodic acid. 

On treating the precipitate with ammonium sulphide (or sodium sul- 
phide), the sulphides of germanium, iridium, molybdenum, tellurium, and 
selenium, dissolve (with the sulphides of arsenic, antimony, etc.), while the 
sulphides of palladium, rhodium, osmium, and ruthenium, and of the 
thallium possibly present here, remain undissolved (with the sulphides of 
lead, bismuth, etc,). 


* The metals of the platinum ores are precipitated with difficulty by hy- 
drogen sulphide. To attain the end in view, hydrogen sulphide gas must be 
perseveringly (X)iiducted Into the fluid, and heat applied at the same time. In 
regard to their separation, compare Mylius and FObstbb, Ber. d. deutsch. 


Chem. Q-esellsch., 1892, p. 665. 

t Tungsten and vanadium are not found in the precipitate thrown down 
from an acid solution by hydrogen sulphide. They can be present only where 
the fluid has been first mixed with ammonium sulphide, then with acid in 
excess ; hut In that case, the sulphides of nickel and cobalt will also be found 
with those of the fifth and sixth groups. Thallium, although it is not precip- 
itated from acid solutions by hydrogen sulphide under ordinary circumstances, 
may be thrown down in combination with the sulphides of aisenic or antimony. 
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To § 228. 

Two methods for separating the metallic sulphides of the sixth group 
are described in § 338, one of which is to be used when there is cause to 
leave the presence of gold and platinum out of consideration, while their 
presence is taken into consideration in the other. The latter, in which 
the sulphides are heated in the first place with a mixture of ammonium 
chloride and nitrate, is also to be used when ibidium may be present. This 
metal remains behind with gold and platinum, while all the other elements 
are present in the resulting sublimate, and may be precipitated again from 
Its solution, by means of hydrogen sulphide. 

If the sulphides, thus obtained, of the remaining elements of the sixth 
group— that is, those of tin, antimony, arsenic, germanium, tellimum, 
selenium, and molybdenum — are fused with sodium carbonate and nitrate, 
as described in § 338, and the mass is treated with cold water, Germanic 
OXIDE, TELnURIO ACID, SELENIO ACID, and MOLTBDIO ACID gO into SOlutlOU 
with the arsenic acid, while stanmc oxide and sodium autimouate remain 
behind. 

The manner in which the rarer elements m the solution and the indium 
in the residue from the sublimation may be detected, follows from §§ 158- 
163. 


To § 229. 

The separation of the sulphides of the fifth group from 
those of the sixth by ammonium or sodium sulphide is not 
always complete, especially with only one treatment. Under 
certain conditions, it is therefore possible for portions of 
the sulphides of Group VI to be present with the sulphides of 
the fifth group, and this is especially the case with the sul- 
phides of gold and platinum, on which account these sulphides 
must be taken into consideration also in § 229. Since the 
solution of platinio nitrate (which is obtained if the platinio 
sulphide was precipitated in the cold) is brown, the presence 
of platinum with the metals of Group V is sometimes recog- 
nized simply by the brown color shown by the solntion which 
is obtained by heating the sulphides with nitric acid. If such 
a brown solution is evaporated to dryness, ignited, and the 
residue is heated with nitric acid, the platinum remains be- 
hind in the metallic state, while the oxides of the other metals 
dissolve. 

Besides the methods described in the systematic course, to 
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separate cadmium, copper, lessd, and bismuth, the following 
process will also be found to gi,ve highly satisfactory results : 
Add sodium carbonate to the nitric acid solution as long as 
a precipitate continues to form, then solution of potassium 
cyanide in excess, and heat gently. This effects the complete 
precipitation of lead and bismuth in the form of carbonates, 
while copper and cadmium are obtained in solution in the form 
of potassium copper cyanide and potassium cadmium cyanide. 
Lead and bismuth may now be readily separated from each 
other by means of sulphuric acid. The separation of the 
copper from the cadmium is effected by adding to the solution 
of the cyanides of these two metals in potassium cyanide, 
hydrogen sulphide in excess, gently heating, and then adding 
some more potassium cyanide, in order to redissolve the cop- 
per sulphide which may have precipitated along with the 
cadmium sulphide. A residuary yellow precipitate (cadmium 
sulphide), insoluble in the potassium cyanide, demonstrates 
the presence of cadmium. Filter the fluid from this precip- 
itate, and add hydrochloric acid to the filtrate, when the 
formation of a black precipitate (cupric sulphide) will demon- 
strate the presence of copper. Since hydrocyanic acid is set 
free by the addition of hydrochloric acid, the operation must 
be performed under a hood. 

Where there is reason to suppose that the precipitate of the sulphides 
of the Mth group contains the sulphides of palladium, rhodium, osmium, 
ruthenium, or thallium, with cupric sulphide, bismuth sulphide, etc., first 
test a portion m the spectroscope for thallium, and then proceed as follows 
with the main part of the precipitate : 

Fuse the precipitate with potassium hydroxide and chlorate, heat ulti- 
mately to redness, let the mass cool, then treat it with water. Besides the 
compound of lead oxide with potassium hydroxide, the solution contains 
potassium perosmate and rutheuate, the latter imparting a deep yellow 
color to It. By passing in carbon dioxide, the lead may be precipitated. 
If the filtrate is cautiously neutralized with nitric acid, black, hydrated 
RUTHENIUM SBSQUioxiDB Separates ; while if more nitric acid is added to the 
filtrate, and the fluid then distilled, perosmio acid passes over. If the 
residue left upon the extraction of the fused mass with water is gently ig- 
nited in hydrogen gas (any cadmium present might escape in this opera- 
tion), then cautiously treated with dilute nitric acid, the copper, lead, etc., 
are dissolved, while the rhodium and palladium are left undissolved. The 
palladium may then be dissolved out of the residue by means of aqua 
regia, leaving the rhodium undissolved. For the further examination of 
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the separated metals, refer to §§ 144-W7. In the event of the foregoing pro- 
cess being adopted, a separate portion of the precipitate of the sulphides 
must be examined for mercury. 


To § 230. 

Jiiisuming all elements not yet precipitated to be present in the fluid 
filtered from the precipitate produced m an acid solution by hydrogen sul- 
phide, the precipitate produced in this filtrate by addition of ammonium 
chloride, neutralization with ammonia, and addition of ammonium sulphide 
in excess will contain the following elements : 

а. In the form of sulphides ; Cobalt, nickel, manganese, iron, zinc, 
uranium, thallium, mdium, gallium. 

б. In the form of hydroxides ; Aluminium, beryllium, thorium, zirco- 
nium, yttnum, cenum, lanthanum, didymmm, chromium, titanium, tan- 
talum, niobium.* 

If it is now supposed that all these elements are in the precipitate, and 
an attempt is made, on the strength of their behavior with vanous precip- 
itants, to devise a course for separating them, it will be found at once that 
this t ask IS an exceedingly difficult one, particularly since many of these 
metals, when they are m solution with each other, behave otherwise with pre- 
cipitauts than when they are present alone. Now, since the case that all 
the members of the third and fourth groups are contained in the precipitate 
produced by ammonia and ammonium sulphide would never occur in real- 
ity, and since every one who desires to undertake a thorough examination 
of the rarer elements of the third group cannot avoid making a careful 
study of the newer publications relating to this domain, the authors of 
which I have already mentioned in the foot-note to § 117, I shall refrain 
from setting forth a course embracing all these elements, and limit myself 
to giving the most important methods of separation, which permit the sep- 
aration of smaller or larger groups of the elements under consideration, 
and thus make them accessible for further examination. 

1. The following method may be used for the separation of tantalio, 
NioBio, and tetanic acids : Roast the precipitate obtained by ammonia 
and ammonium sulphide, then fuse persevenngly in a platinum crucible 
with poiasstum disul/phate ; let the fused mass cool, soak in cold water, 
digest for some time without application of heat, and filter the solution 
from the residue. The besidid:, which contains the acids of tantalum 
and niobium, and may also contain silicic acid and a little nndissolved fer- 
ric oxide and chromic oxide, gives, on fusion with Bodivm hydroxide and 
some potassium cMorate^ a mass out of which dilute solution of soda will 
dissolve chromate and silicate of sodium, leaving nndissolved, with the 
ferric oxide, sodium tantalate and mobate, which are insoluble in solution 
of caustic soda. The separation of niobio and tantalic acids is best accom- 

• Of nlobic add, only the part redissolved In the precipitation by hydro- 
diloric acid, and In washing the resulting precipitate, can be present here. 
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plished by converting the metals into donble potassium fluorides. In re- 
gard to this, and in relation to further testing, see §§ 119 and 120. 

Treat the acid solution containing the titanium, or at least the greater 
part of it, together with the other metals of the third and fourth groups, 
with hydrogen sulphide, to reduce any ferric salts; dilute largely, heat to 
boiling and keep boiling for some time, while conducting carbon dioxide 
into the fluid. The titanic acid present in the solution is separated by this 
means as a white precipitate, which may possibly contain zirconia also. 

2. If the filtrate obtained after separating the tantalic, niobic, and 
titanic acids, or a solution free from these acids, is precipitated, after 
oxidizing any ferrous salt present by boiling with nitric acid, with ammo- 
nia in the presence of ammonium chloride, and if the precipitate, after 
being washed somewhat, is dissolved in hydrochloric acid, and another pre- 
cipitation IS made with ammonia, this will give almost the whole of the 
zmo, MANGANESE, NICKEL, COBALT, and GALLIUM in solution. While the earths 
are precipitated with the hydroxides of iron, indium, uranium, and 
chromium. 

3. Gallium may be separated from zinc, manganese, nickel, oobai/t, 
and IRON (in the ferrous state), by digesting the hydrochloric acid solution 
of the metals with harium carbonate in the cold. Gallium as hydroxide 
is precipitated by this means, while the other metals remain in solution, 

4. In order to separate aluminium and beryllium, and also chbomiuu; 
from IRON (in the ferric state), indium, and uranium, as well as from the 
rest of the metals of the third group, treat their hydrochloric acid soln* 
tion in the cold with coneentrated potassium hydroaside solution. By this 
means, aluminium and beryllium, and perhaps also chromium, are ob- 
tained in solution, while the other earth metals, with iron, indium, uran- 
ium, and perhaps also chromium, are precipitated as hydroxides. If the 
alkaline solution is diluted, filtered, and boiled for a long time, alumina 
remains dissolved (and may afterwards be precipitated with ammonium 
chloride), while any chromium present here and beryllium are precipitated 
as hydroxides (see § 109). The latter may be separated by fusion with 
sodium carbonate and potassium chlorate in the same manner in which it is 
customary to separate aluminium and chromium (§ 108). 

5. The further separation of the metals obtained in the ammonia pre- 
cipitate in 2, viz., iron (in the ferric state), aluminium, beryllium, 
CHROMIUM, and uranium, cerium, lanthanum, and didymium, thorium, 
YTTRIUM, and zmooNiUM, is well effected, according to E. P. Fohr,'^ by 
treating the moist, washed precipitate with a concentrated solution of 
oasalic oetd, by which means the iron, aluminium, beryllium, chromium, 
and uranium go into solution, while the oxalates of the other metals re- 
main undissolved. 

6. Thorium maybe separated from cerium, lanthanum, and didymiuh, 
as well as from yttrium, by treating the oxi^tes with a boiling, concen* 

* Private communication of Sept. 2, 1881, partly based upon the direo 

tlons in Will’s ** Tafeln zur qualitativen Analyse.” 
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trated solution of ammonium oa>cdate, diluting, and after cooling, filter- 
ing off the nndissolved oxalates of the last four elements mentioned. The 
thoria may be obtained by evaporating the solution, and igniting the resi- 
due (R. Bunsen). 

7. ZiECJONiUM and thorium (and the metals of obbitb also) may be sep- 
arated from yttrium (as well as from beryllium and aluminium) by means 
of potassium sulpha^s. To the neutral or scarcely acid solution, add 
normal potassium sulphate in crystals, boil, let it stand for 12 hours, 
filter, and, with a solution of potassium sulphate, wash the resulting precipi- 
tate of the potassium double sulphates of zirconium and thorium (and of 
the metals of cente). From the solution, ammonia precipitates yttrium 
(beryllium and aluminium) hydroxides, the last two of which may be sepa- 
rated from yttrium by means of oxalic acid (compare 6). If the precipi- 
tate of potassium double sulphates is repeatedly boiled with water contain- 
ing a little hydrochloric acid, the potassium zirconium sulphate remains 
undissolved, while thorium (and the metals of cerite) go into solution, from 
which they may be precipitated by ammonia. 

8. Thorium and zmooNiUM may be separated from yttrium, cerium, 
and DEOTMIUM by means of sodium thiosulphate^ by adding it to the neu- 
tral or faintly acid solution, and heating to boiling. The former are thus 
precipitated, while the latter remain in solution 

9. Zirconium may be separated from thorium and yttrium by means 
of hydrofluoric add^ which precipitates the last two, but not zirconium. 

10. In regard to the separation of cerium from lanthanum and didym- 
lUM, see §116. 

11. The best way to separate indium from zinc and iron is to make use 
of barium carbonate. Heat the hydrochloric acid solution first with sul- 
phurous acid to change ferric chloride to ferrous chloride, and after cool- 
ing, allow freshly precipitated barium carbonate to act upon it, with 
exclusion of air. If much iron is present, the operation must be repeated. 
The precipitate containing indium is dissolved In hydrochloric acid, and 
the barium is precipitated with sulphuric acid. From the filtrate, ammonia 
then precipitates indium hydroxide. 

12. To detect thallium in the precipitate obtained with ammonia and 
ammonium sulphide, dissolve a part of it in boiling, dilute hydrochloric 
acid, treat the solution with sulphurous acid until any ferric chloride pres- 
ent is reduced, neutralize the free acid almost completely with ammonia, 
and test with potassium iodide. Any precipitate formed is always to 
be tested further by means of the spectroscope. 

To §§ 231-234, 

The liquid filtered from the precipitate produced by ammonium sul- 
phide may contain not only the alkali-earth and alkali metals, but also a 
little NICKEL, and, moreover, vanadio aoid, and also that part of the tung- 
stic ACID which has not been precipitated at first with hydrochloric acid. 
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The last three are present as sulphides dissolved in the excess of ammo- 
nium sulphide, and are precipitated as such if the liquid is just acidified 
with acetic or hydrochloric acid. If the precipitate is filtered off, washed, 
dried, fused with sodium carbonate and potassium nitrate, and the mass is 
heated with water, nickel oxide remains behind, while potassium (or 
sodium) vanadate and tungstate dissolve. From this solution, vanadic 
acid may be precipitated with solid ammonium chloride, while the tungstic 
acid may be precipitated by evaporating with hydrochlonc acid, and treat- 
ing the residue with water. The two acids may be examined further by 
§§ 188 and 161. 

In regard to deciding the question whether any alkali 
metals are present, attention may again be called here to the 
fact that care should be taken in heating a portion of the 
residue obtained by evaporation, because a small residue 
may easUy be overlooked if the heat has been raised su£S- 
oiently to melt it. 

Explanations in regard to the detection of lithium, o^ium, and 
BUBiDicrM may be found in § 98, and, in connection with the analysis of 
mineral waters, in 259 and 260. 


To § 236. 

If, in an analyis, there is occasion to take hydrofiuosilicic acid into con- 
sideration, it IS to be noticed that the precipitate resulting in 176, 6, may 
contain barium silicofluoride. It is advisable to test for this in the first 
place by the aid of the microscope with a magnifying power of about 140 
to 200, by examining a sample of the precipitate directly, and again after 
the addition of a drop of dilute hydrochloric acid, which dissolves any 
barium phosphate, oxalate, etc., that may be present. The crystals of 
barium silicofluoride, which are shaped like a whetstone, may be often 
seen even before the treatment with hydrochloric acid, but more easily 
afterwards. 

For making a chemical test, a portion of the precipitate left after the 
careful addition of hydrochloric or nitric acid (barium silicofluoride is 
somewhat soluble in the acids) is then heated with sulphuric acid in a 
stream of air, according to § 176, 6. 

If barium silicofluoride is found in the part of the precipitate of barium 
salts which is insoluble in hydrochloric or nitric acid, another portion of 
the precipitate must be tested for sulphuric acid. This is accomplished by 
igniting a portion, triturating the residue, and heating it with hydrochloric 
acid of 1.12 sp. gr. The barium fluoride resulting from the ignition of 
barium silicofluoride then dissolves, while any barium sulphate present re- 
mains behind, and may be further examined according to § 170, 6. 
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To §§ 237 and 239. 

In order that the course may not be too complicated, the 
case is not considered in §§ 237 and 239, where small amounts 
of silicic acid are to be detected in the presence of considera- 
ble amounts of calcium fluoride or of some other fluoride. If 
this case occurs, as frequently happens in the analysis of 
fluorine minerals, the silicic acid might be entirely overlooked 
in proceeding according to the process given in 183, 10, and 
194, or 208 and 210, because the silicon may completely vola- 
tilize as silicon fluoride when the alkaline solution of the 
fusion is acidified with hydrochloric acid and evaporated. In 
the analysis of substances containing fluorine, therefore, in 
order to separate silicic acid, treat the alkaline solution of the 
fusion (made according to 194 or 208) with ammonium car- 
bonate, heat (with the replacement of the ammonium carbon- 
ate lost by evaporation), filter, mix the filtrate with a solution 
of zinc oxide in aqueous ammonia, for the purpose of separ- 
ating the remainder of the siHcio acid, evaporate until all the 
ammonia has escaped, and filter. Sdicic acid may then be 
separated from the precipitate produced by ammonium car- 
bonate by evaporating with hydrochloric acid, and from the 
precipitate produced by zinc oxide in ammonia, preferably by 
evaporating with nitric acid. 

If the rare elements are taken into account in § 289, the number of 
bodies which may remain undissolved on treating a substance with water, 
hydrochloric acid, nitric acid, and aqua regia, is much enlarged. The fol- 
lowing bodies, more especially, are either always, or in the ignited state, or 
in oertain combinations, insoluble or slowly and sparingly soluble in acids : 

The oxides of beryllium, thorium, and zirconium ; cerium sesquioxide ; 
titanic, tantalie, niobic, molybdic, and tungstic oxides ; rhodium, iridium, 
osmium, and ruthenium. 

When, in the systematic course of analysis, 208 has been reached, 
fuse the substance, free from silver, lead, and sulphur, with sodium car- 
bonate and some nitrate, extract the fused mass repeatedly with hot water, 
and, if a residue is left, fuse this a long time, in a silver crucible, with 
potassium hydroxide and nitrate, and again treat the fused mass repeatedly 
with water. The alkaline solutions, which may he examined separately or 
together, may contain beryllium, a portion of the titanic acid, tantalio, 
niobic, molybdic, tungstic, perosmio, and mthenic acids, and a portion of 
any iridium present. 
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If the residue left undissolved by the preceding operation is fused with 
potassium disulphate, and the fused mass treated with water, the thorium, 
zirconium, cerium, the remainder of the titanium, and the rhodium will 
dissolve. 

A residue left by the last operation may consist of platinum ore metals, 
and should be mixed with sodium chloride, and ignited in a stream of 
chlorine. 

With respect to the separation and detection of the several elements 
that have passed into the different solutions, the requisite directions and 
instructions have been given in the notes to ^ 226-284, and also in Part I, 
Section ni. 


To § 240. 

The analysis of cyanogen compounds is not very easy in 
certain cases, and it is sometimes a difficult task even to ascer- 
tain whether a substance is really a cyanide or not. However, 
if the reactions of the substance upon ignition (8, gg and ii) 
are carefully observed, and also if it is noticed whether, upon 
boiling with hydrochloric acid, any odor of hydrocyanic acid 
is emitted (36, and 37), the presence or absence of a cyan- 
ide will generally not remain a matter of doubt. 

Above all, it must be borne in mind that the insoluble cy- 
anogen compounds, occurring in pharmacy, etc., belong to 
two distinct classes, viz., they are either semple cttanides or 
OOMFOUNDS OF METALS WITH FEBBOOTANOGEN 01 SOme other 
similar radical. 

By boiling with concentrated hydrochloric acid, all the 
simple cyanides are decomposed into metallic chlorides and 
hydrocyanic acid. Their analysis is therefore never difficult. 
But the ferrocyanides, etc., to which the method described 
in § 240 more exclusively refers, suffer such complicated 
decompositions by acids that their analysis by means of 
these is a task not so easily accomplished. Their decompo- 
sition by caustic potash or soda is far more simple. The 
alkali yields its hydroxyl to the metal combined with the 
ferrooyanogen, etc., the hydroxide or oxide thus formed pre- 
cipitates, and the potassium or sodium forms with the liber- 
ated radical, soluble ferrocyanide, cobalticyanide,efc., of potas- 
sium or sodium. However, several hydroxides are soluble in 
an excess of potassium or sodium hydroxide, as those of 
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le&d) zIec, etc. If, therefore, zinc potassium ferrooyauide, for 
instance, is boiled with solution of caustic potash, it dissolves 
completely, and we may assume that the solution contains 
potassium ferrocyanide and zinc hydroxide dissolved in potas- 
sium hydroxide. If an acid were added to this solution, of 
course simply the original precipitate of zinc potassium 
ferrocyanide would be again obtained, and consequently the 
operation would be of no avail. To prevent this failure, 
hydrogen sulphide is conducted into the alkaline solution, 
but only until the preoipitable metals are completely thrown 
down, and not until the solution smells of hydrogen sulphide 
(compare the foot-note under 216). This serves to convert into 
sulphides all the heavy metals which the alkali holds in solu- 
tion as hydroxides. Those sulphides which are insoluble in 
caustic alkalies (those of lead, zinc, etc.) precipitate, while 
those which are soluble in sodium or potassium sulphides, 
that is, the metallic sulphides of the sixth group, and besides, 
any mercuric sulphide present here, remain in solution. To 
effect the detection of these also, the fluid is now acidified, 
and, if necessary, more hydrogen sulphide is conducted into it. 

In the filtrate from the hydroxides and sulphides are still 
those metals which form radicals with cyanogen, and also any 
aluminium present, which would have dissolved in the original 
treatment with caustic alkali, and would not have been sepa- 
rated. Finally, the other acids must be tested for here. It is 
therefore directed to divide the solution into two parts, and to 
test one for acids, and the other for aluminium and those metals 
which form radicals with cyanogen. The prescribed heating 
of this second part with concentrated sulphuric acid has the 
effect of decomposing the cyanogen compounds and convert- 
ing the metals into sulphates which remain behind (H. Eose.*) 

If it is merely wished to examine for metals in simple or 
compound cyanides, and for that purpose to destroy the 
cyanogen compound, it will suflS^ce to heat the powdered sub- 
stance in a platinum dish with concentrated sulphuric acid 
diluted with a little water, till almost all the free acid is 
driven off. The residue will consist of sulphates, which are 
to be dissolved in hydrochloric acid and water. 


*ZeitBchr. f. analyt. Ohem., 1, 194. 


BEIHABES AND ADDITIONS TO § 240. 


6S9 


The reason why ferrocyanides and similar compounds 
which have been fully washed with water require to be tested 
for alkalies, is because alkali-metal ferrocyanides, etc., are 
often precipitated along with insoluble ferrocyanides, etc., and 
cannot be removed by washing; also because there are 
not a few compounds insoluble in water which contain heavy 
metals and alkali metals in chemical combination with fer- 
rocyanogen, etc. 
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Pepobtment of the most important Alkaloids toth Be- 

AGENTS, AND SySTEMATIO MeTHOD OF BFFBOTINa THEIR DE- 
TECTION. 

§ 266 . 

The detection and especially the separation of the alka- 
loids is far more difficult than the detection and separation 
of most inorganic bases. In many cases, the combinations in 
^hich an alkaloid can be separated from others are not suf- 
ficiently insoluble to allow of complete separation. In other 
cases, only the outward appearance of a reaction is known, 
and not its cause; consequently the conditions which may 
modify it are often unknown, while many alkaloids are as 
yet scarcely known to have any characteristic reaction. If 
these statements apply to the pure alkaloids, they apply 
much more strongly to the alkaloids which are not com- 
pletely pure, such as are often obtained when they are sep- 
arated from food, parts of dead bodies, etc. 

However, in order to furnish a guide for practice in this 
kind of analyidcal experiments, for young chemists, and par- 
ticularly for pharmaceutists, for whom the subject has an es- 
pecial interest, this appendix is added, but it will be limited to 
the most important and the most commonly used alkaloids, 
including the following : Nicotin, coniin, morphin, oocain, nar- 
cotin, quinin, cinchonin, strychnin, brucin, veratrin, and 
atropin. 

If the student has learned to detect and to separate these; 
he will then be in a position to widen the range of alkaloids 
easily. 

This appendix will be divided into the following sections : 

A General reagents for the alkaloids. 

B. Properties and reactions of the individual alkaloids, 
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arranged in groups according to their analytical character- 
istics. 

C. Properties and reactions of the individual non-nitro- 
genous bodies which are allied to the alkaloids as poisons or 
are employed in their adulteration, namely, salicin, digitalin, 
and picrotoxin. 

D. Systematic course for the detection of the alkaloids, 
etc., taken into consideration here : 

a. When only one is assumed to be present, 

K When several or all are assumed to be present. 

c. When other organic substances are present. 

A. General Eeag-ents for the Alkaloids. 

§ 267. 

By general reagents for the alkaloids are meant reagents 
by which they are all or nearly all precipitated. These are 
well suited to test for the presence of an alkaloid in a fluid, 
and may serve to separate alkaloids from their solutions, 
but they cannot be employed to distinguish individual alka- 
loids except in a subordinate degree. The reactions take 
place with certainty, however, only in the pure solutions of 
the alkaloids ; for gum-arabic and other similar bodies in- 
terfere with them, Such interfering, foreign, organic sub- 
stances are therefore to be removed, if need be, by dialysis, 
before applying the reactions (J. Lefort and P. Thibault). 

The most important of these general reagents are the 
following : 

Hydrochloroplatinic acid, a solution of iodine in potas- 
sium iodide (Wagner*), potassium mercuric iodide (v. 
PiANTAt), potassium cadmium iodide (MAEBC&t), potassium bis- 
muth iodide (Dbagbndobff §), phosphomolybdio acid (de Veu, 
SoNNENSCHEiN f), phosphoantimonic acid (Fb. Schulze T), phos- 
photungstic acid (Soheiblee**), and picric acid (H. HAGEEft). 

* Zeitschr. f. analyt. Chem., 4, 887. 

t *‘Verhaltender wichtigsten Alkaloide gegen Reagentien/' Heidelberg, 
1846. 

X Zeitschr. f. analyt. Chem.. 6. 138. § Ibid,, 6, 406. 

i Ann. d. Ohem. u. Pharm., 104, 47. JIdid,, 109, 179. 

** Zeitschr. f. analyt. Chem., 12, 815. 

ft Pharmac. Oentralhalle, lOr Jahrg., 181. 
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With the hydrochlorides of the alkaloids, htdeoohloeofla.- 
TiNic Aon) forms oompotindB analogous to ammonium platinic 
chloride. Some of these compounds are difficultly soluble in 
water, while some are rather easily soluble. They are best ob- 
tained and most completely separated by mixing the solutions 
with a sufficient quantity of hydrochloroplatinic acid, evapo- 
rating nearly to dryness, and treating the residue with alcohol. 
The compounds have a yellow color of various shades, some 
are crystalline, some flocculent, and in general they are more 
soluble in hydrochloric acid than in water. 

A solution of iodine in potassium iodide (containing 12.7 g 
of free iodine in 1 liter) precipitates the solutions of the salts 
of all the alkaloids. The precipitates are brown and floccu- 
lent. Their formation and separation is assisted by acidify- 
ing with sulphuric acid. By washing the precipitate, dis- 
solving it in solution of sulphurous acid, and eraporating 
on the water-bath to remove the excess of th^ fatter and 
the hydriodic acid, the alkaloid will remain in ct^mbina- 
tion with sulphuric acid. If the precipitate was .s^^^rated 
from a fluid containing a quantity of other oreanic suV^fl^inoes, 
before proceeding as just stated, dissolve ^ dil^(S^^olu- 
tion of sodium thiosulphate, filter, repreci^^e with 
solution, and then proceed as directed above.^fe; ^ 

Potassium mebourio iodide precipitate^ 
salts of all the alkaloids. The precipitates are^jlftiitVor ygj! 
lowish-white, insoluble in water and dilute hydroohloriSj^cii^ 

Potassium oadmium: iodide t precipitates even v6ry''S|ute 
solutions of salts of the alkaloids after acidification 'wjrth 
sulphuric acid. All the precipitates are at first fiCsiecu^^t 
and white, but some of them soon become crystallineF/" 'Th^ 
are insoluble in ether, readily soluble in alcohol, less suable 
— 

* By dissolving the brownish-red precipitate, produced by mlxii^JJjSthe 
iodine solution with a salt of strychnin, in alcohol containing sulphuricUffd, 
and evaporating, prismatic crystals of a strong polarizing power, consisting of 
the sulphuric acid salt of iodostrychnin, will be obtained (db Vbij and van 
DEE Btteg, Jahresber. von Liebig u. Kopp, 1867, 602). Concerning jodo- 
quinin sulphate, see § 275, 7. 

t Prepared by saturating a boiling, concentrated solution of potassium 
Iodide with cadmium iodide, and adding an equal volume of cold saturated 
solution of potassium Iodide- The concentrated solution keeps well, but not 
the dilute. 
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in water, and readily soluble in excess of the precipitant. 
They hare a tendency to decompose by long standing. The 
alkaloids may be obtained from the undecomposed precipi- 
tates by mixing with an alkali-metal carbonate or hydroxide 
and water, and shaking with a solTent which is adapted for tak- 
ing up the alkaloid (benzol,. amyl alcohol, ether, or the like)# 

Potassium bismuth iodide * added drop by drop to solutions 
of salts of the alkaloids acidified with sulphuric acid (10 cc 
of the alkaloid solution and 5 drops of concentrated sul- 
phuric acid) almost immediately produces flocculent, orange 
precipitates in the case of nicotin, coniin, morphin, cocain, 
narcotin, quiniu, and oinohonin, strychnin, brucin, atropin, and 
most other alkaloids. Yeratrin, on the other hand, gives only 
a faint turbidity. The precipitates formed with the salts of 
the first-named alkaloids agglutinate together to some extent 
when heated; but dissolve by long-continued boiling, and 
separate for the most part on cooling. None of the 

precipitates are crystalline. The alkaloids may be separated 
from the precipitates in the same manner as those produced 
by potassium cadmium iodide. 

Phosphomolybdio acid solution t is precipitated by the 
solutions of all alkaloids, even when their quantity is very 


^Prej^ared, according to LBAcmrDOBrF, as follows: In a tube of difficultly 
fusible glass sealed at one end» heat 83 parts of bismuth sulphide with 41.5 
parts of iodine, collect the bismuth iodide In a receiver, purify it by resub- 
limatlou, heat It with solution of potassium iodide, filter hot, and add to the 
solution an equal yolume of a cold saturated solution of potassium iodide. 
The concentrated, orange-colored solution keeps well, but not the dilute. On 
mixing 10 co of water with 5 drops of concentrated sulphuric acid and adding 1 
or 3 drops of the reagent, no turbidity should occur. Ebon (Chem. Centralbl., 
1875, p. 368) prepares the reagent by suspending 1.5 g of freshly precipitated, 
unwashed, basic bismuth nitrate in 30 g of water, beating to boiling, adding 7 g 
of potassium iodide, and at last 30 drops of hydrochloric add. The solution to 
be tested for alkaloids by means of this liquid should contain a few drops of 
hydrochloric add, as otherwise the reagent is decomposed by water. 

t Prepared as follows : Precipitate the nitric add solution of ammonium 
molybdate with sodium phosphate, wash the precipitate well, suspend it in 
water, and warm with addition of sodium carbonate to complete solution. 
Svaporate to dzyness, ignite the residue until ammonia Is completely removed, 
and if reduction has taken place, moisten with nitric add, and ignite again. 
Warm the residue with water, and dissolve by adding nitric acid in consider^ 
able excess. One part of the residue should make 10 parts of solution. The 
golden-ysllow solution must be protected from ammonlacal fumes. 
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minute. The precipitates are amorphous, light yellow, oohre- 
ous or brownish yellow, insoluble or very dif&cultly soluble 
at the ordinary temperature in water, alcohol, ether, and 
dilute mineral acids, with the exception of phosphoric acid; but 
they are most insoluble in dilute nitric acid, especially when 
it contains some of the reagent. Acetic acid, also, is almost 
without action in the cold, but when hot it has a solvent 
action. The precipitates dissolve with ease in the hydrox- 
ides and carbonates of the alkali metals, generally with 
separation of the alkaloids. Upon prolonged action, they are 
decomposed also by alkali earths, silver and lead oxides and 
carbonates, with the separation of the alkaloids. The alka- 
loids set free may be removed by shaking with ether, amyl 
alcohol, benzol, or the like. 

Phosphoantqionio acid, obtained by dropping antimonic 
chloride into aqueous phosphoric acid, also precipitates 
ammonia and most of the alkaloids (but not caffein). The 
reactions are delicate, but they are generally less delicate 
than those produced by phosphomolybdic acid, especially in 
the case of nicotin and coniin, although the phosphoanti- 
monic acid is more delicate in one single instance (namely, 
for atropin). The precipitates are usually flocculent and 
whitish, but the bruoin precipitate is rose-colored. On heat- 
ing, this dissolves, and on cooling, it separates again from 
the fluid, which retains an intense crimson color. 

PHOSPHormasno Acom* precipitates the solutions of all 
the alkaloids. The precipitates are white and flocculent. 
The delicacy of the reactions is extreme. Acid solutions 
containing only 1 part of strychnin in 200,000, or 1 part of 
quinin in 100,000, are rendered distinctly turbid. If the 
flocks settle to the bottom of the vessel after twenfy-four 
hours, they may be filtered and washed with slightly acidified 
water without passing through the filter. The precipitates 
are decomposed by caustic lime or baryta, with the formation 
of insoluble phosphotungstates, and the separation of the 
alkaloids. 

PiOBio ACID precipitates almost all the alkaloids, even from 


* To prepare this reagent, mix a solution of ordinary sodium tungstate 
with some phosphoric acid. 
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solutions containing a large excess of sulphuric acid. The 
precipitates, which are crystalline or soon become so, are 
yellow, and usually insoluble in an excess of the precipitant, 
and are formed, with most of the alkaloids, even in very 
dilute solutions. The exceptions will be mentioned in con- 
nection with the separate alkaloids.* 

B. Pbopeettes and Eeagtions op the individual A l kal oids. 
a. Volatile Alkaloids. 

The volatile alkaloids are liquid at the common tempera- 
ture, and may be volatilized in the pure state as well as when 
mixed with water. They are accordingly obtained in the 
distillate when their salts are distilled with strong fixed bases 
and water. Their vapors, when brought in contact with 
those of volatile acids, form a white cloud. 

§ 268. 

1. Niootin, 

1. Nicotin occurs in the leaves and seed of tobacco. In 
its pure state, it forms a colorless, oily liquid, to which the 
action of air imparts a yellowish or brownish tint. Its specific 
gravity compared with water of 4® is 1.01837 at 10.2®, and 
1.01101 at 20° (Lanpolt). It boils at 247° in an atmosphere of 
hydrogen without decomposition (Landolt); when heated 
to boiling in contact with air, it is partly decomposed. It 
mixes with water in all proportions. Potassium and sodium 

* To the general reagents which precipitate the alkaloids, the following that 
give more or less oharacteristic coloratfons, and sometimes precipitations with 
many alkaloids, may be added : Phosphoric acid; sulphuric acid with subsequent 
addition of caustic potash ; sulphuric acid and potassium nitrate (0, Ajutold, 
Zeitschr. f. analyt. Ohem., 23, 228) ; bromine- water (Bloxam. 26, 247) ; 

a solution of potassium chromate in sulphuric acid, prepared hot (Luchini, 
iWa., 25, 565); potassium permanganate and sulphuric acid (Wbnzbjll, 
idid.) ; chromic acid ; chromic acid with subsequent addition of hydrochloric 
add; normal potassium chromate (Mbzgbr, idid „ 29, 107); ammonium 
selenite dissolved in sulphuric acid (I^kbika da Silva, Ohem, Oentralbl., 
1891, rC, p. 228) ; furfurol and sulphuric acid (P. Wolctmng, tWa.. 1892 l! 

p. 1008). 
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hydroxides separate it from the solutions. It is easily dis- 
solved by alcohol, ether, amyl alcohol, and petroleum-ether. 

Nicotin has a peculiar, disagreeable, somewhat ethereal, 
tobacco-like odor. On heating, it gives off a stupefying odor 
of tobacco. It has an acrid, pungent taste, and very poisonous 
properties. Dropped on paper, it makes a transparent stain, 
which slowly disappears ; while it turns turmeric-paper brown, 
and litmus-paper blue. Concentrated aqueous solution of 
nicotin shows these reactions more distinctly than the alkaloid 
in the pure state. 

2. Nicotin has the character of a rather strong base, 
precipitating metals as hydroxides from their solutions, and 
forming salts with acids. The salts are not volatile or scarcely 
so, freely soluble in water and alcohol, insoluble in ether, 
with the ^exception of the acetate, and insoluble in amyl 
alcohol, chloroform, benzol, as well as petroleum-ether. They 
are odorless, but taste strongly of tobacco, and part of them 
are crystallizable. Their solutions may be evaporated at a 
moderate temperature without any considerable loss of nico- 
tin. The hydrochloric acid salt of nicotin forms a deliques- 
cent, crystalline mass, which, upon evaporating its solution, 
is partly decomposed into its constituents and volatilized (A. 
PnunsE). When distilled with solution of potassium hydroxide, 
the salts give a distillate containing nicotin. By neutralizing 
this with oxalic acid, and evaporating, nicotin oxalate is 
produced, which may be freed from any admixture of ammo- 
nium oxalate by means of alcohol, in which the former salt 
is soluble, the latter insoluble. 

3. If an aqueous solution of nicotin, or a solution of a nico- 

tin salt mixed with solution of caustic potash or soda, is shaken 
with ether or the nicotin is dissolved by these 

solvents. If the latter are then allowed to evaporate on a 
watch-glass at 20® or 30°, the nicotin remains behind in drops 
and streaks, and on warming the watch-glass, it volatilizes in 
white fumes having a strong odor. If a solution of hydro- 
chloric acid in ether is added to the evaporating liquid, nico- 
tin hydrochloride remains as a -yellow, amorphous mass, 
which becomes crystalline only after long standing. 

4. In not too dilute aqueous solutions of nicotin or its 
salts, AycZrocWoropZcc^imc ooitf produces whitish-yellow precipi- 
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iates, ’which are flooculent at first. On heating the fluid con^ 
tainingthe precipitate, the latter dissolves, but upon continued 
application of heat it very speedily separates again in the form 
of an orange-yellow, heavy crystalline powder, which, under 
the microscope, appears to be composed of roundish crystal- 
line grains. If a rather dilute aqueous solution of nicotin, 
containing hydrochloric acid in excess, is mix ed with hydro- 
chloroplatinic acid, the fluid at first remains clear. After 
some time, however, the salt separates in small crystals 
(oblique four-sided prisms), clearly discernible with the naked 
eye. An alcoholic solution of nicotin containLig some free 
hydrochloric acid gives a yellow precipitate tt once with 
hydrochloroplatinic acid. The double salt thus obtained 
forms a finely granular powder. 

6. SydrocMoraurio acid added in excess to aqueous solu- 
tions of the alkaloid or its salts produces a reddish-yellow, 
flocculent precipitate, sparingly soluble in hydrochloric acid. 

6. Solution of iodine in potassivm iodide and water, when 
added in small quantity to an aqueous solution of nicotin, 
produces a yellow precipitate, which after a time disappears. 
Upon further addition of the iodine solution, a copious scar- 
le^brown precipitate separates, and a similar precipitate is 
produced also in solutions of nicotin salts. This precipitate 
also disappears after a time. 

7. In an aqueous solution of nicotin, solution of tannic acid 
produces a copious, white precipitate, which dissolves upon 
the addition of some hydrochloric or dilute sulphuric acid. 

8. If an aqueous solution of nicotin is added to an excess 
of mercuric chloride solution, an abundant, flocculent, white 
precipitate is formed, which is soluble in hydrochloric acid 
as well as in ammonium chloride solution. The neutral solu- 
tions of nicotin hydrochloride, but not those containing an 
excess of acid, also give a white precipitate with mercuric 
chloride. 

9. If an aqueous or alcoholic solution of nicotin is mixed 
with sUver nitrale, there is produced after some time a slight, 
brown coloration of the liquid, which slowly becomes stronger, 
and upon long standing a brownish-black precipitate is depos- 
ited. 

10. Chricentrated mlphurio add, and nitric add of 1.2 sp. gr., 
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dissolve nicotin, in the cold, without coloration, but cold mYric 
add of 1.3 sp. gr. dissolves it to a red liquid. 

11. If 1 drop of nicotin is gently warmed with 3 or 4 
drops of hydrochloric odd of 1.12 sp. gr., a pale brownish solu- 
tion is obtained. If, after cooling, a drop of nitric acid of 1.4 
sp. gr. is added to this, the liquid becomes colored violet-red, 
gradually becoming red. 

12. If a solution of nicotin in ether, prepared in the propor- 
tion of about 1 : 100, is mixed with a solution of iodine in ether, 
a brownish-red, tarry oil separates out, which gradually solid- 
ifies in a crystalline condition. From the pale, brownish-yel- 
low solution, above this, upon standing, there are formed long, 
transparent, ruby-red, needle-shaped crystals, which are iri- 
descent in reflected light (Eoussin’s crystals). 

13. Picric add, added in excess to an aqueous nicotin solu- 
tion or to a solution of a neutral nicotin salt, produces a yellow 
precipitate. The precipitate is crystalline, or soon becomes 
so. It is soluble in hydrochloric acid. 

14. According to Dbaoendobff and Zalewsky, in testing 
.1 CO of a neutral nicotin salt, the general reagerde for alka- 
loids show the following delicacy : Hydrochloroplatinio acid, 
1 : 6000 ; hydrochlorauric acid, 1 : 10,000 ; phosphomolybdio 
acid, 1 : 40,000 ; potassium bismuth iodide, 1 : 40,000 ; potas- 
sium mercuric iodide, 1 : 16,000 ; mercuric chloride, 1 : 1000 ; 
tannic acid, 1 : 500 ; iodine in potassium iodide, 1 : 3000.^ 


§269. 

2. ComN, O.H„N. 

1. Ooniin occurs in the seed, especially when still unripe, 
but also in all other parts of the spotted hemlock. It forms 
a colorless oily liquid of ,886 sp. gr., to which the action of the 
air imparts a brown tint. In the pure state it boils at 168.5®, 
when heated in a stream of hydrogen gas it distils over unal- 
tered, but when distilled in vessels containing air, it turns 


* As regards farther reactions for nicotin, compare OsOHSi^nB ns Cokinck, 
Ghem. Oentralbh, 1867, pp. 867 and 667 ; also vai7 Senus, 189S, I, 

p. 1008. 
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bro^TO and suffers partial decomposition. With aqueous va- 
pors, it distils over freely. It dissolves sparingly in water, 90 
parts of water of average temperature dissolving 1 part of 
coniin. The solution becomes turbid on warming, but clear 
again on cooling. Coniin is miscible in all proportions with 
alcohol, and also dissolves easily in ether, petroleum-ether, 
and volatile and fatty oils. It dissolves less readily in chloro- 
form. The aqueous and alcoholic solutions manifest a strong 
alkaline reaction. Coniin volatilizes even at the ordinary tem- 
perature to a considerable degree, and has a very strong, pun- 
gent, repulsive odor, which affects the head, and which resem- 
bles that of the excrement of mice.* It is very poisonous. 

2. Coniin is a strong base ; it accordingly precipitates metal- 
lic salts in a manner similar to ammonia, and forms salts with 
acids. The salts of coniin are soluble in water and in alcohol, 
insoluble in petroleum-ether, and insoluble or almost insolu- 
ble in ether. Co niin forms dense white clouds with volatile 
acids. Coniin hydrochloride crystallizes readily, and the 
smallest quantity of coniin brought in contact with a trace of 
hydrochloric acid yields almost immediately a corresponding 
quantity of non-deliquescent rhombic crystals (Th. Weetheim). 
Coniin hydrochloride dissolves in absolute alcohol (difference 
and means of separation from ammonium chloride, W. Lenz). 
From solutions of the sulphuric acid salt of coniin, needle-like 
crystals are first obtained, which afterwards become large and 
leaf-like (Dbaoendoepf). The salts when dry give off no odor 
of coniin, and when moistened, only a slight odor, but this be- 
comes very strong at once when sodium hydroxide solution 
is added, and upon distilling, a distillate containing coniin is 
obtained in the last case. On neutralizing this with oxalic 
acid, evaporating to dryness, and treating the residue with 
alcohol, coniin oxalate is dissolved, while any ammonium 
oxalate that may be present is left undissolved. As coniin is 
only sparingly soluble in water, and dissolves with still 
greater difficulty in solutions of alkalies, a concentrated solu- 
tion of a coniin salt turns milky upon addition of solution of 
caustic soda. The mi nute drops which separate unite gradu- 
ally, and collect on the surface. 

* According to ZaIiHWSBt, the mouse-like odor does not belong to the pure 
coniin, but to that which is not quite pure, as it is usually obtained. 
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3. If an aqueous solution of a salt of coniin is shaken with 
caustic soda solution, and ether or petroleum-ether , the coniin is 
taken up by the solvent. If this is then allowed to evaporate 
on a watch-glass at 20° or 30°, the coniin is left in yellowish, 
oily drops. 

4. In somewhat concentrated solutions of coniin hydro- 
chloride, hydrochlorauric add produces a yellowish-white pre- 
cipitate, insoluble in hydrochloric acid. 

5. Mercuric chloride gives with coniin a white precipitate, 
soluble in hydrochloric acid, 

6. In aqueous and alcoholic solutions of coniin, sUver 
nitrate produces at once a grayish-brown precipitate. 

7. JSydrochloropLatinic add does not precipitate even con- 
centrated solutions of coniin hydrochloride, and even upon ad- 
dition of alcohol, no precipitate is formed (essential difference 
from niootin.) 

8. If water is placed upon coniin, and chlorinje^water is 
added, an abundant white precipitate is formed, which is 
easily soluble in hydrochloric acid (difference from niootin). 

9. If coniin is covered with a little water, and a concen- 
trated solution of picric add is added, a yellow precipitation 
results, while a solution which is at all dilute is not precipi- 
tated. 

10. With a solution of iodine and potassium iodide, and 
with tcmnic add, coniin behaves like nicotin. 

11. Coniin dissolves without coloration in cold concen- 
trated sulphuric acid and in nitric acid of 1,4 sp, gr. 

12. By the use of .1 cc of a neutral coniin sulphate solu- 
tion, Deagekdobff and Zatjswsky observed the following de- 
grees of delicacy for the gefnercH reagents for alkaloids: 
Phosphomolybdic acid, 1 : 6000 ; potassium bismuth iodide, 
1 : 6000 ; potassium mercuric iodide, 1 : 1000 ; tannic acid, 
1 : 100 ; iodine with potassium iodide, over 1 : 10,000.* 


* In regard to another reaction for coniin, compare yajs Senus, Ohem., 
Oentralbl., 1892, 1, p. 1008. 




672 


appendix I : ALKALOIDS. 


[§ 270 . 


Becapitvlaition arid Rema/rlcs. 

§270. 

ThevolatUe alkaloids are most easily recognized when 
pure, and the object of the analyst must accordingly be to 
obtain them in that state. The way of effecting this is the 
same for niootin as for coniin, and has already been given in 
the foregoing paragraphs, viz., distil the aqueous solution 
containing them, with addition of caustic soda solution, in a 
current of hydrogen \ neutralize the distillate with oxalic 
acid, evaporate, dissolve in alcohol, evaporate the solution, 
treat the residue with water, add caustic soda solution, shake 
the mixture with ether or petroleum-ether, and let the solvent 
evaporate at about 20°. Coniin is distinguished from nicotin 
chiefly by its odor, its sparing solubility in water, the be- 
havior of the aqueous solution upon heating, the rapid crys- 
tallization, the crystalline form and optical properties of 
its hydrochloric acid salt, and also by its deportment with 
silver nitrate, hydrochloroplatiuic acid, chlorine-water, and 
picric acid. Nicotin is characterized by its deportment upon 
heating with hydrochloric acid and subsequently adding nitric 
acid, but especially by its behavior with ethereal iodine 
solution. It should be noticed further that the general re- 
agents for alkaloids precipitate nicotin in much more dilute 
solutions than coniin.* 


* In relation to the detection of coniin in the presence of nicotin, with the 
aid of potassium platinic iodide, compare Sblmt, Ber. d. deutsch. chem. Ge- 
Bellsch., 9, 195, by means of potassium platinic sulphocyanide, see 1. Gua- 
KECSOHX, Chem. Oentralhl., 1891, n, p. 621. 
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b. Non-tola.tclb: AlkatjOIdb. 

The non-Tolatile alkaloids are solid, and cannot be dis« 
tilled over with water. 


HBST GBOTIP. 

NoN-VOLATHiB AIXlIiOlDS WmOH are PKEOlPITATia) BT OATJSITO 
POTASH OB SODA PBOM THE SOLDHONS OP THEEB SALTS, AND BE- 
DISSOLVE IN AN EXCESS OP THE PBEOIPITANT. 

Of the alkaloids considered here, only morphin and cocain 
belong to this gronp. 


§271. 

1. Mobphin, C„H„N0,. 

1. Morphin occurs with the alkaloids codein, thebain, pa- 
paverin, narcotin, and narcein, etc., and with meconio acid and 
the indifferent nitrogen-free compounds meconin and meco- 
noisin, in opium, the dried milky juice of the green seed-cap- 
sules of the poppy {Fa/paver aomaiferum).* Orystallized 
morphin, 0„H„N0,.H,0, usually appears in the form of 
colorless, brilliant, transparent needles, short rhombic prisms, 
or, when obtained by precipitation, as a white crystalline 
powder having a bitter taste. According to the recent investi- 
gations of PiETEBiaH,t it dissolves in solvents in the follow- 
ing proportions : In cold water, 1 : 1250 (in hot water much 
more easily, about 1 : 400) ; in cold ethyl alcohol, 1 : 166 
(much more easily at the boiling temperature) ; in ether, 
1 : 1250 ; in amyl alcohol, 1 : 130 (when not crystallized and 
upon heating, much more easily) ; in benzol, 1 : 5000 ; in chlor- 
oform, 1 : 1660 ; in petroleum-ether, 1 : 5000. The solutions 
of morphin in hot alcohol, as well as in hot water, manifest 
distinctly alkaline reaction and taste bitter. Morphin is re- 
moved from the solutions by freshly ignited bone-charcoal 

*In regard to the separation of the oplmn alkaloids, compare PLueea, 
Zeitschr. f. analvt. Ohem., 30, 8S6. 
f Fharmac. Centralhalle, 1887, p. 481. 




674 


APPBKTUX i: ALKALOIDS. 


[§ 271. 


(M. J. Lefobt), Crystallized morphin loses its water of crys- 
tallization even at 90° to 100°, and by careful heating to a 
higher temperature, not much below 230°, the morphin may 
be fused and sublimed, with partial decomposition (Hesse).* 

2. Morphin neutralizes acids completely, and forms with 
them the mobpein salts. These salts are, for the most part, 
crystallizable, easily soluble in water, and mostly in alcohol 
also. (The sulphate requires 700 parts of cold, and 144 parts 
of boiling alcohol of .82 sp. gr.). They are insoluble in ether, 
chloroform, and amyl alcohol, and possess a disagreeable, bit- 
ter taste. Freshly ignited bone-charcoal also removes the 
morphin from morphin-salt solutions (Hbagendoeef). Mop- 
phin and the morphin salts are poisonous. 

3. From solutions of morphin salts, generally only after 
some iimetipotajssium^sodiv/mj and ammomum Jiydroayides precipi- 
tate morphin containing water of crystallization, in the form 
of a white crystalline powder. Stirring and friction on the 
sides of the vessel under the liquid promote the separation of 
the precipitate. The precipitate redissolves with great readi- 
ness in an excess of potassium or sodium hydroxide, but 
more sparingly in ammonia. It dissolves also in ammonium 
chloride, and with difficulty in ammonium carbonate. On 
shaking a solution of morphin iu caustic potash or soda with 
petroleum-ether, no morphin is removed from the solution, 
and on shakiag with ether, very little of the alkaloid is taken 
up, while on shaking with warm amyl alcohol, however, the 
whole of the alkaloid passes into the latter. 

4. Potmsium oarhoTiate and sodivm ca/rhonoste produce the 
same precipitate as potassium hydroxide, sodium hydroxide, 
and ammonia, but fail to redissolve it upon addition in excess. 
Consequently, if a fixed alkali bicarbonate is added to a solu- 
tion of morphin in caustic potash or soda, or if carbon dioxide 
is conducted into the solution, hydrous morphin separates, 
especially after previous boiling, in the form of a crystalline 

* For the best way of subliming morphin, and for the value of the sub- 
limate in microscopic diagnosis, see Helwio, Zeitschi. f. analyt Chem., 3, 48 ; 
or ‘*Das Mikroscop in der Toxikologie/' von Dr. A. Qblwig (von Zabem, 
Mainz, 1884). In the latter work, the subject is treated more completely, and 
illustrated. It may be mentioned that the alkaloid must be perfectly pure and 
free from all adhering substances, in order that this interesting experiment 
may succeed. 
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poTrder. A more minnte inspection, partionlarlj through a 
lens, distinctly shows this powder to consist of small acicular 
crystals ; and when magnified 100 times, these crystals present 
the form of rhombic prisms. 

5. In neutral solutions of morphin salts, sodium bicarbonate 
and potassium bicarbonate speedily produce a precipitate of 
hydrous morphin in the form of a crystalline powder. The 
precipitate is insoluble in an excess of the precipitants. 
These reagents fail to precipitate acidified solutions of mor- 
phin salts in the cold. 

6. The action of strong mtric add upon morphin or one of 
its salts, in the solid state or in concentrated solutions, pro- 
duces a yellowish-red color. On addition of stannous chlor- 
ide, no violet coloration occurs (difference from brucin). 
Dilute solutions do not change their color upon addition of 
nitric acid in the cold, but upon heating, they acquire a yel- 
low tini 

7. Absolutely pure concentrated sudpJiwric add dissolves 
morphin, in the cold, to a colorless liquid. If a trace of potas- 
sium nitrate is added to the freshly prepared solution, the latter 
is colored at the place of contact, sometimes at first reddish 
for an instant, but soon brown, and often brown at once. If, 
however, the solution of morphin in concentrated sulphuric 
acid is allowed to stand in the cold for 12 to 15 hours, or if it 
is heated for half an hour to 100°, or for a few moments to 
160°, it undergoes an essential change. This is to be recog- 
nized by a slight, pale, dirty violet coloration of the solution 
itself, but especially from the fact that the cold solution, if 
now brought into contact with a trace of potassium nntrate or 
with a small drop of nutria add of 1.2 sp. gr., upon a porcelain 
surface, assumes a magnificent coloration, which (according 
to my own observations) is sometimes first violet and then 
blood-red, but sometimes also blood-red at once with a tinge of 
brown, and with exceedingly small quantities is only pink (A. 
Httsemakk).* The reaction is very characteristic, and at the 
same time very delicate, even though it is not quite so delicate 
as that of Fbohde (see 8, p. 676). Ki.vztmm and DBaoENDOBEE f 


*Zeitschr. f. analyt. Chem,, 3^ 149, and 16, 103. 

f Bbagsndobff, ''BeUiilge zur gerichtllchen Ohemle elnzelner organ- 
iBcher Gifte/’ St. Petersburg (Schmitzdorff), 1872, p. 124. 
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succeeded in detecting even .00001 to .00002 g of dry morphin 
sulphate by means of it. 

8. If iTiolyidic add or an cdhcM^etal molyidate is dissolved 
in concentrated svlpTiuric acid, and this liquid is brought into 
contact with morphin, with a solid morphin salt or with a 
drop of the solution of a morphin salt, extremely character- 
istic colorations are obtained, even with the smallest amounts 
of morphin (Peohde).* These colors vary somewhat accord- 
ing to the amount of molybdic acid in the sulphuric acid. 
Fbohde chose a solution which contained about .005 g of sodium 
molybdate in 1 cc. However, at least for use with solutions 
of morphin salts, I agree with Buckingham f in preferring a 
more concentrated solution which contains .1 g of am m onium 
molybdate in 1 cc of concentrated sulphuric acid.J If a few 
drops of the solution are brought upon a porcelain surface, 
a vejy small fragment of morphin is added, and this is crushed 
with a glass rod, a deep violet coloration is obtained at once. 
This gradually becomes olive-green, while the edge of the 
sulphuric acid becomes blue. Upon stirring, a brownish-green 
liquid is obtained, which gradually changes to a magnificent, 
deep blue. If a drop of a dilute solution of a morphin salt is 
brought into the more concentrated solution of molybdic acid 
in sulphuric acid, a. deep blue ring is obtained at once, some- 
times with a violet edge ; and afterwards the interior of the 
drop, and gradually the whole of the liquid, becomes magnifi- 
cently blue. The reaction is exceedingly delicate (Hauzmann 
and Dbagendoeee § were able by means of it to detect even 
.000005 of dry morphin sulphate), but by itself it is not de- 
cisive, since other organic substances also (phlorid 2 in, salioin, 
digitalin, etc.) show similar colors. It is also to be borne in 
mind that the reaction must take place once, because the 
reagent always becomes bine upon long standing in the air, 
on account of the atmospheric dust. Upon the addition of 
water, the liquid which has become blue with morphin be- 
comes very pale yellow, almost colorless (difference from sal- 
icin, which gives, in that case, a reddish liquid). 

^ZeitscliT. f. aualyt. Chem., 6, 214 

t Zeitschr. f. aualyt Chern,, 13, S84. 

jKBaHDB’B reagent should he freshly prepared for use, because it grad- 
ually decomposes. 

g Zee. cti., p. 124, 
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9. If an intimate mixture of 1 part of morpHin with about 
6 to 8 parts of white sugar is placed upon a porcelain plate, 
together with a few drops of concenircuted stJphuric add, there is 
obtained, according to the amount of morphin, a rose>red to 
purple-red solution, which retains its color for a considerable 
time. From the absorption of moisture, the color gradually 
changes through a bluish-violet to a dirty bluish-green, and 
finally to a dirty brownish-yellow. 

The reaction takes place distinctly with even from .0001 to 
.00001 g of morphin. If a dilute solution of a morphin salt is 
to be tested, as much sugar as it will dissolve is put into a 
drop of it, a drop of concentrated sulphuric acid is placed 
beside it, and the drops are brought into contact at their 
edges by inclining the plate (B. Sohisieidsb).* The addition 
of from one to three drops, at the most, of bromine- water in- 
creases the delicacy of the reaction (WEFPEN).f 

10. If a solution of morphin in pure concentrated sul- 
phuric acid is heated, with the addition of a slight amount 
of sodium or potassium arsenate, until it becomes dark brown, 
ish-red, there is obtained, by the cautious addition of water 
to the cooled liquid, a reddish to red liquid, which becomes 
green upon the further addition of water. If this solution is 
shaken with chloroform or ether, the former assumes a beauti- 
ful violet color, and the latter a reddish-violet (Tateebsau:., 
Donate). 

11. If a small amount of morphin is dissolved in about 
1 to 1^ cc of concentrated hydrochloric acid, a drop of con- 
centrated sulphuric acid is added, and the liquid is heated on 
an oil-bath at 100° to 120° (or even upon the water-bath) until 
all the hydrochloric acid has volatilized, a purple-red residue 
is obtained. If a small amount of hydrochloric acid i3 
again added to this, then a cold saturated solution of sodium 
b^rhonate, until the liquid reacts neutral or feebly alkaline, 
and finally a drop of an alcoholic solution of iodine, the liquid 
assumes an emerald-green color. If this liquid is now shaken 
with ether, the cause of the green coloration (apomorphin) 
dissolves in the ether, and a layer of ether of a magnificent 


* Zeitschr. f. analyt. Ohem., 12, S18. 
t ZHd., 13, 4S6. 
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violetred color is obtained (Pbllagbi) * Codein gives the 
same reaction. 

12. NeidroA f&rrio cMoride imparts to eoTumtraled neuteal 
solutions of morphin salts a beautiful dark blue color, wbich 
disappears upon the addition of an acid. An excess of ferric 
chloride also interferes with the delicacy of the reaction. For 
.01 g of morphin hydrochloride, dissolved in 100 to 200 cc of 
water, .2 oc. of a 6 per cent solution of ferric chloride suf- 
fices. By Tiaiug this proportion, Deagendobpf f obtained 
the reaction with solutions containing 1 part of the morphin 
salt in 1000 to 1600 parts of water. If the solution contams an 
admixture of animal or vegetable extractive matters, or of 
acetates, the color will be impure and less distinct. The del- 
icacy of the reaction is increased by adding a little potassium 
ferrioyanide, because this is reduced to potassium ferrocya- 
nide (while the morphin oxidizes to oxymorphin), and causes 
the formation of Prussian blue (Kibpeb, O. Hessb). The re- 
action thus modified is, of course, indicative of morphin only 
in the absence of other substances which have a reducing ac- 
tion. 

13. If iodic add, or sodium iodate and svl/pTiv/irvi add, is 
added to a solution of morphin or of a morphin salt, iodine 
separates. In concentrated aqueous solutions, the separated 
iodine appears as a reddish-brown precipitate, while to alco- 
holic and dilute aqueous solutions, it imparts a brown or yel- 
lowish-brown color. The addition of starch paste to the 
fluid, before or after that of the iodic acid, considerably 
heightens the delicacy of the reaction, since the blue tint of 
the iodized starch (which appears only after some time when 
the morphin solutionis very dilute) remains perceptible to far 
greater dilution than the brown color imparted by iodine. The 
reaction is most delicate when the iodic acid solution is mixed 
with starch paste and the dry morphin salt is added to the 
mixture. It need scarcely be mentioned that the delicacy of 
the reaction may also be increased by shaking with carbon 
disulphide in order to take out the iodine set free by the mor- 
phin. As other nitrogenous bodies (albumin, casein, fibrin, 
etc.) likewise reduce iodic acid, this reaction has only a 


*Zeit8C]ir. f. analyt. Ohein., 17, 878. 


f Loe. dt., p. 18S. 
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relative value ; but if ammonia is added after the iodic 
acid, the fluid becomes colorless if the separation of iodine 
has been caused by other substances, while the coloration 
becomes much more intense if it is owing to the presence of 
morphin (Lefobt).* 

14. A solution of ammonium vanadaie in (xmcefnArated stH- 
phuric acid (1 : 100) is colored brown by morphin, then grad- 
ually bluish-violet, and after long standing, dark brown. 

15. Tannic acid gives a white precipitate in aqueous solu- 
tions of morphin salts, if they are not extremely dilute. The 
precipitate is readily soluble in acids. 

16. Picric add precipitates yellow morphin picrate, from 
neutral, concentrated solutions of morphin salts. The pre- 
cipitate dissolves upon the addition of water. 

17. The most delicate of the general reagents for morphin 
are phosphomolybdic acid, potassium bismuth iodide, iodine 
with potassium iodide, and potassium mercuric iodide, f 


§272. 

2. CooAiN, C„H„N 04 . 

1. Oocain occurs in coca leaves. From an alcoholic solu- 
tion mixed with water, it crystallizes in colorless, transparent 
prisms. It fuses at 98^ and solidifies upon cooling to a trans- 
parent, amorphous mass, which becomes white and crystal- 
line after some time. It tastes bitter and afterwards cooling, 


* Zeltschr. f. anal 3 rt. Chem., 1, 184. The detection of morphin by reac- 
tions with silver nitrate also depends upon its reducing power (Hobslet, Zeit- 
schr. f. analyt. Ohem., 7, 485), as do those with cupric oxide in ammonia 
(Nadlbb, ibid,, 13, 285). 

t In regard to other reactions for detecting morphin, see PBLnoTiBE, 
Fluceigbb, Zeitschr. f. analyt. Chem., II, 819 ; Nadoib, ibid,, 13, 286; 
Gbovb, Sibbold, ibid , 13, 286 ; Fluoeigbr, ibid, 19, 120, and his *‘Pharm. 
Chem.," p. 878; Lnsmo, Zeitschr. f. analyt. Chem., 19, 859; Jobissen, 
ibid,, 20, 422 ; YitaA;, ibid,, 21, 581 ; Palm, ibid., 22, 224 ; Gbimattx, ibid., 
22, 267 . C. Ahnold, ibid,, 23. 228 ; A Eiloart, ibid., 26, 248 ; Dokath, 
ibid,, 26, 746 ; VuLPitrs. ibid , 30, 250; Ph. Lafon, Chem. Oentralbl., 1885, 
p. 627; Bbooirbb, ibid,, 1888, p. 1294, and 1890, I. p. 299; Lamal, ibid., 
1894, n, p. 602 ; Chastaing and Babillot, Pharmac. Centralhalle, 1888, 

p. 228. 
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has a benumbing action, destroying the sense of feeling, and 
it dilates the pupil. It dissolves in 704 parts of cold water, 
and more abundantly in hot water. It dissolves easily in 
alcohol, and still more easily in ether. The solutions have an 
alkaline reaction (Nibnann, Lossen). 

2. Oocain dissolves readily in dilute acids, forming salts. 
Cocain hydrochloride is characterized by being easily obtained 
in crystals which have a very bitter taste, are permanent in 
the air, have a neutral reaction, are soluble in water, alcohol, 
and chloroform, but insoluble in ether. If a solution of co- 
cain in an excess of dilute hydrochloric acid is shaken with 
ether, chloroform, petroleum-ether, or benzol, the alkaloid is 
not taken up by them, but it is extracted by amyl alcohol. 

3. In solutions of cocain salts, potaasivm and sodium 
Jiydvoxides produce a white precipitate which gradually dis- 
solves in a considerable excess of the precipitant. Ammonia 
gives a white precipitate in the same manner, but the precipi- 
tate dissolves somewhat more readily in an excess of it. 
When the ammoniacal solution is shaken with ether, the 
latter extracts the cocain, and petroleum-ether behaves in 
the same way. Upon evaporating the solvent in the air, the 
alkaloid remains behind in fine needles. 

4. In solutions of oocain salts, potaasivm and sodium 
carhonates produce white amorphous precipitates, which are 
not soluble in an excess of the precipitant, and beconae crys- 
talline upon long standing. If the liquid is shaken with 
ether after the precipitation has been effected, the cocain is 
taken up. 

6. Fatassium or sodium bica/rbonate produces no precipitate 
in solutions of cocain salts in the cold. Upon heating to 
boiling, a precipitate is formed, but it dissolves again upon 
cooling. 

6. Concentrated sulphuric amd dissolves cocam to a colorless 
liquid in which a small amount of nitric acid gives no colora- 
tion, either directly or after heating the sulphuric acid solu- 
tion to 160°. Sulphuric acid containing molybdic acid or 
white sugar also gives no characteristio colors. 

7. Oocain separates no iodine from a dilute solution of 
iodic add. 

8. If cocain is dissolved in from .5 to 1 oo of amcemiraied 



§272.] 


OOOAIN. 


68i 


sulphuric odd and a quantity of sodium or potassium iodate is 
added, corresponding to about three times the amount of 
cocain used, and the liquid is gently warmed upon the water- 
bath, it is at first colored yellow, then light-green streaks 
appear. Upon continued heating, the whole liquid becomes 
grass-green and then brown.* 

9. If a not too dilute cocain solution, containing little free 
hydrochloric acid, is mixed with a solution of potassium 
chromate or dichromate, a lemon-yellow precipitate of COOAIN 
CHROMATE is formed, which is soluble in more hydrochloric 
acid, as well as in much water (0. Mezger). 

10. Tannic add gives a precipitate with solutions of cocain 
containing hydrochloric acid. The yellowish precipitate 
formed at first agglomerates to a resinous mass upon long 
standing, or at once upon shaking (Niemann). 

11. In concentrated solutions of cocain salts, stannous 
chloride produces a dense, white, curdy precipitate, soluble in 
nitric acid (Niemann). 

12. If a solution of a cocain salt is mixed with mercuric 
chloride solution, a white precipitate, soluble in hydrochloric 
acid, ammonium chloride, and also in alcohol, is produced 
(Niemann). 

13. If cocain or one of its salts is treated in the dry state 
with a few drops of nitric add of 1.4 sp, gr., the colorless 
solution is evaporated to dryness upon the water-bath, and 
one or two drops of olcohclic potash are added to the residue, 
there appears upon stirring a distinct odor of peppermint 
(Ferreira da Silva), 

14. If a few drops of a cocain solution are mixed with 2 or 
8 cc of chlorine-water and a few drops of a 6 per cent jjoZZct- 
dious chloride solution are added, a beautiful red precipitate 
is formed (Greittherb). 

15. If cocain is heated with concentrated hydrochloric add 
in a sealed tube in the water-bath for two or three hours, the 
cocain decomposes into benzoio aoed, eogonin HYDEOOHLOEinE, 
and methsl aloohol (Wohler and Lossen). Upon cooling, 
the benzoio acid separates in crystals if its amount is not too 
small. 

* ViTALi, by whom this reaction was first mentioned, describes the colora* 
tions somewhat differently. 
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16. Of the gmerdl reagmta for the alkaloids, the most 
delicate for coeain are potassium iodide and iodine, potassium 
mercuric iodide, and phosphomolybdic acid (Helmsing). 

17. In regard to the micToscopic detection of cocain, see 
SoNNiifi-MoBET, Ohem. Centralbl., 1893, 1; p. 869. * 

and Memarlcs. 

§ 273. 

Morphin and cocain are distinguished by many reactions, 
of which those given in § 271, 7 to 13, are the most character- 
istic for morphin, while those described in § 272, 8, 9, 13, 
and 16, are especially characteristic for cocain. The two 
alkaloids may be separated by making the solution of their 
salts just alkaline with ammonia, and shaking with petroleum- 
ether, which takes up the cocain and leaves the morphin 
behind. When the petroleum-ether is evaporated, the cocain 
remains behind. 


SECOND GBOUP. 

Non-toiatHiE alkaloids whioe ake precipitated by oaustio 

POTASH EBOM THE SOLUTIONS OF THEIR SALTS, BUT DO NOT 
EEDISSOLVE TO ANT CONSIDERABLE EXTENT IN AN EXCESS OF 
THE PRECIPITANT, AND ARE PRECIPITATED BY SODIUM BICAR- 
BONATE EVEN FROM AOID SOLUTIONB, if the latter are not 
diluted in a larger proportion than 1: 100; Narcotin, 
quinin, cinchonin. 

§274. 

1, Narootin, 

1. Narcotin accompanies morphin in opium (§ 271). Orys- 
tallmed narcotin usually forms colorless, brilliant, right 
rhombic prisms, or, when precipitated by alkalies, a white, 
loose, crystalline powder. It is scarcely soluble (1 ; 6000) in 

* In reference to other reactions for cocain, compare E. Sohblij, Zeitschr. 
f. aoalyt, Chem., 30. 264; F. Giesel, Ohem. CentialbL, 1887, p. 1448; 
ScHABBaES, ibid,, 1898, II, p. 888. 
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cold water, and only slightly in hot water. Alcohol and ether 
dissolve it in the proportion of 1 : 190 and 1 : 178, respectively, 
in the cold, but somewhat more readily upon heating. Chlor- 
oform dissolves it very easily (1 : 4), amyl alcohol with diffi- 
culty (1 : 415), benzol more readily (1 : 12), and petroleum-ether 
scarcely at all (1 : 5000).* Solid narcotin is tasteless, but the 
alcoholic and ethereal solutions are intensely bitter. Narcotin 
does not alter vegetable colors. It fuses at 176°. 

2. Narcotin dissolves readily in acids, combining with them 
to form salts. These salts invariably have an acid reaction. 
Those with weak acids are decomposed by a large amount 
of water, and if the acid is volatile, even upon simple evap- 
oration. Most of the salts of narcotin are amorphous, 
soluble in water, alcohol, and ether, and have a bitter taste. 
Narcotin does not dissolve in water which is slightly acid- 
ified with acetic acid. If solutions of narcotin salts are 
shaken with chloroform, the narcotin is taken up by the sol- 
vent, even if free acids are present (Deaoendorff). Benzol, 
amyl alcohol, and petroleum-ether extract no narcotin from 
acid solutions. 

3. From solutions of narcotin salts, (dhM-metol hydroxides^ 
carbonates, and licarboTiates precipitate narcotin at once, as a 
white powder, which is shown, upon being magnified 100 
times, to be an aggregation of small, needle-shaped crystals. 
The precipitate is insoluble in an excess of the precipitants. 
If a narcotin-salt solution is treated with ammonia, and then 
mixed with ether in not too small amount, the alkaloid dis- 
solves in the ether, and two clear layers of liquid are obtained. 
If a drop of the ethereal solution is allowed to evaporate 
upon a glass plate, and the residue is examined with a magni- 
fying power of 100, it is seen to consist of distinct, elongated, 
and partly of pointed, crystals. 

4. Nitric aoid of 1.4 sp. gr. dissolves narcotin, with the 
production of heat and the evolution of nitrous fumes, to a 
reddish-yellow liquid. Upon heating this, more nitrous 
fumes escape and the liquid becomes yellow. 

6. Concentrated sudpharic acid dissolves narcotin, first with 
a faint greenish-yellow, but soon with a pure yellow, color. 


* Compare Dibtbrioh, Pliarmac. Centralhalle, 1887, p, 481. 
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Upon cantiouB heating in a porcelain dish, the solution first 
hecomes orange-red. then blue-violet, and sometimes pur- 
plish-blue streaks are formed, starting from the edge, and 
finally, at the temperature at which sulphuric acid begins to 
evaporate, an impure red-violet coloration is produced. If 
the heating is previously interrupted, the liquid slowly as- 
sumes in the cold a delicate cherry-red color. If the sul- 
phuric acid contains a very minute amount of narcotin, a 
delicate crimson color is shown instead of the blue shades 
(A- Husehasn). The red and subsequent violet coloration of 
the sulphuric-acid solution also occurs, and in fact with 
especial delicacy, if the narcotin is dissolved in more dilute 
sulphuric acid (1:6), the colorless liquid evaporated above a 
small flame, and the residue then heated very cautiously 
(Dragendobff). 

6. If a very minute amount of dilute fdtric Ofdd is added 
to a cold-prepared solution of narootin in concentrated sul- 
phuric acid, the liquid is colored almost brown at first, 
but soon more and more deeply red (Ooceebe). According to 
Dbagendoeit, the delicacy of the reaction is heightened if the 
solution of narcotin in sulphuric acid is allowed to stand for 
one or two hours before the addition of the nitric acid. The 
same reaction is obtained by dissolving the narcotin in 
Eedmahn’s reagent (sulphuric acid containing nitric acid).* 
Sodium hypochlorite colors the cold-prepared, yellow sul- 
phuric acid solution first crimson, then yellowish-red (A. 
Hubemane). 

7. If a solution of narcotin in conceniraied sidphteric acid 
is heated until a reddish color appears (to about 150“), and, 
after cooling, some ferric chloride is added, the portions of the 
liquid which are near the place where the drop of ferric 
chloride has entered soon become colored red with more or 
less of a light violet edge, but after 10 or 15 minutes a moder- 
ately permanent, cherry-red color appears (A. Husbmann t)* 

8. Fbohde’s reagent (sulphuric acid containing .005 g of 


* This Is prepared ia the following manner : Hix 8 drops of nitric acid of 
l.SS sp. gr. with 100 cc of water, and allow 10 drops of this solution to flow 
into 30 g of pure concentrated sulpburic acid, 
t Zeitschr. t. analyt. Cbem., 3, 153. 
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sodium molybdate in 1 cc) dissolves narcotin vritb a green 
color. If the solution contains .01 g of sodium molybdate in 
1 cc, the green color soon changes to a magnificent cherry-red 
(Dbaoendobtf). 

9. Chlarivie^wxt&r added to the solution of a narcotin salt 
gives a yellow color, slightly inclining to green. On the ad- 
dition of ammonia, a yellowish-red and much more intense 
color is produced. 

10. If narcotin or a salt of narcotin is dissolved in excess 
of dilute svlphuric add, mixed with some finely powdered 
mcmganeae dioxide, and boiled for a few minutes, the alkaloid 
is converted, by taking up oxygen, into opianic acid, cotarnin 
(a base soluble in water), and carbon dioxide. On filtering, 
and adding ammonia to the filtrate, no precipitate will be 
obtained. 

11. A solution of ammonivm vcmadate in concentrated sul- 
phuric acid (1 : 100 or 200) dissolves narcotin to a liquid which 
is cinnabar-red, then reddish-brown, and afterwards gradually 
becomes intense carmine-red (Makdeun). 

12. Tamm add produces no precipitation in solutions of 
narcotin salts, or, at the most, only a turbidity. Upon the 
addition of a drop of hydrochloric acid, precipitation takes 
place. The precipitate dissolves upon warming, but appears 
again upon cooling, and it is but slightly soluble in hydro- 
chloric acid. 

13. For narcotin, the most delicate of the general reagents 
for the alkcdoids are potassium mercuric iodide, iodine with 
potassium iodide, phosphomolybdic acid, and potassium bis- 
muth iodide (Dbaoendobff).* 


§276. 

2. Quinin, 0„H„N,0,. 

1. Qninin occurs in cinchona bark, accompanying oin- 
chonin and other bases. Orystallized quinin, Q,.H„N,0,. 


* In respect to other reactions for narcotin, see Pai<h, Zeltschr. f. analyt. 
Ghem., 22, 226 ; Arnold, ibid., 23, 280 and 288 ; Blozan, ibid., 26, 247 ; 
Eiloart, Chem. Centralbl., 1884, p. 850 ; and Bbooinbb, ibid., 1888, p. 129 A 




686 


APPENDIX l: ALKALOIDS. 


[§ 276. 


3H,0, appears either in the form of fine crystalline needles 
of silky luster, which are frequently aggregated into tufts, 
and which effloresce readily in the air, or as a loose, white 
powder. Anhydrous quinin, also, may be obtained in needle* 
shaped crystals with a silky luster. It is sparingly soluble 
in cold, but somewhat more readily in hot, water. In alcohol, 
ether, chloroform, and carbon disulphide, it is easily or moder- 
ately soluble, while in benzol it is difficultly, and in petroleum- 
ether very difficultly, soluble. The taste of quinin is intensely 
bitter, and its solutions manifest an alkaline reaction. Crys- 
tallized quinin loses its water at 100°. It fuses at 67°, and 
solidifies again when it has given off its water. The anhy- 
drous base then melts at 171,8° (Hesse). 

2. Quinin neutralizes acids completely. The neutral salts 
taste intensely bitter. Host of them are crystallizable, diffi- 
cultly soluble in cold water, but more readily soluble in hot 
water and in alcohol. The acid salts dissolve very freely in 
water. The solutions which contain an oxygen acid, especially 
a little sulphuric acid', in excess, opalesce with a bluish tint. 
If a cone of light is thrown into them, by means of a lens, 
either horizontally or vertically, a blue cone of light is seen 
even in highly dilute solutions (A. Fluokigeb). Aqueous 
solutions of quinin sulphate which are acidified with sulphuric 
acid rotate the ray of polarized light strongly towards the 
left (essential difference from cinchonin). 

3. In solutions of quinin salts (if not too dilute), jjofos- 
aium hydroxide, sodium hydroxide, ammoma, as well as the 
normal cdJcaU oarbomtes, produce a white, loose, pulverulent 
precipitate of hydrated quinin, which immediately after 
precipitation appears opaque and amorphous under the 
microscope, but assumes, after the lapse of some time, the 
appearance of an aggregate of crystalline needles. The pre- 
cipitate redissolves only to a scarcely perceptible extent in an 
excess of caustic potash or soda (less easily than in water), in 
caustic soda less than in caustic potash (F. Sesxiei), but more 
easily in ammonia. It is also scarcely soluble in fixed alkali 
carbonates. Ammonium chloride increases its solubility in 
water. If a solution of quinin is mixed with ammonia, ether 
(which contaips about 2 per cent of alcohol) added, and the 
mixture shakien, the precipitate dissolves in the ether, and two 
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clear layers of liqtiid are formed. (In this respect, quinin 
differs essentially from cinchonin, which by this means may be 
readily detected in presence of the former, and separated 
from it.) 

4 Sodium bicarbonate also produces a white precipitate, 
both in neutral and acid solutions of quinin salts. In acidified 
solutions containing 1 part of quinin to 100 parts of the liquid, 
the precipitate forms immediately ; if the proportion of the 
quinin to the liquid is 1 : 160, the precipitate separates only 
after an hour or two, in the form of distinct needles, aggre- 
gated into groups. If the proportion is 1 : 200, the fluid re- 
mains clear, and it is only after from twelve to twenty-four 
hours’ standing that a slight precipitate makes its appearance. 
The precipitate is not altogether insoluble in the precipitant, 
and the separation is accordingly the more complete the less 
the excess of the precipitant. The precipitate contains car- 
bonic acid. 

6. Concentrated mtric cuM dissolves quinin to a colorless 
fluid with a bluish opalescence, turning yellowish upon appli- 
cation of heat. 

6. The addition of strong chlorine^water (about -J- volume) 
to the solution of a salt of quinin fails to impart a color to the 
fluid, or, at least, imparts to it only a very faint tint ; but if 
ammonia is then added until it is in excess, the fluid acquires 
an intense emerald-green color. This characteristic reaction, 
the thalleiochin reaction, still occurs at a dilution of 1 : 2600. 
According to Fluokiger, it occurs even at 1 : 4000 or 1 : 6000 
if ^ volume of chlorine- water is added without shaking, then 
a drop of ammonia, and after that the test-tube is gently 
shaken.* If, after the addition of the chlorine-water, some 
solution of potassium ferrocyanide is added, then a few drops 
of ammonia or some other alkali, the fluid acquires a mag- 
nificent deep red tint, which, however, speedily changes to a 
dirty brown. Upon addition of an acid (best, acetic acid) to 
the red fluid, the color vanishes, but reappears afterwards 


* The delicacy of the reaction may be increased still more by the use of 
bromine instead of chloi-ine, but an excess, as well as a lack, of bromine pre* 
vents the appearance of the reaction more easily than an excess or a deficiency 
of chlorine (Pluoxigbb, Zeitschr. f. analyt. Chem., 11, 81Q). 
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upon oantious addition of ammonia (O. Livoniub, A. Vogel). 
Morphin preyents the thalleiochin reaction (Stuabt).* 

7. If sulphate of quinin is dissolved in a little acetic acid, 
some alcohol is added, and then enough alcoholic iodine solu- 
tion so that the liquid appears brownish-yellow, iodoquinin 
sulphate (herapathite) separates after a short time. This 
appears, according to circumstances, as a blackish-looking 
crystalline powder, or in the form of large crystalline plates 
which show a beautiful dichroism, and polarize light very 
powerfully (HEBAPATH).t This is a very characteristic, and 
also, with the help of the microscope, a very delicate reaction. 

8. Concentrate svlphuric add dissolves pure quinin and 
pure quinin salts to a colorless or very faint yellowish fluid ; 
application of a gentle heat increases the yellow color, and 
the application of a stronger heat turns it brown. Sulphuric 
acid containing an admixture of nitric acid dissolves quinin 
to a colorless or very faint yellowish fluid. 

9. A solution of ammonium vcmadate in conjcentrated suh 
pkuric add (1 : 100) is soon colored brownish-green by quinin, 
but after about five minutes the color becomes permanently 
pure green. 

10. If some potassium hydroxide is fused with the addition 
of a drop of water, some alcoholic solution of quinin is added 
to the still warm mass, and it is carefully heated after the 
evaporation of the alcohol, the mass assumes a beautiful 
green color (essential difference from almost all other alka- 
loids, but not from quinidin). Cinchonin, cinchomdin, and 
oocain do not show the same color, but a similar one (W. 
Lenz). 

11. In aqueous solutions of quinin salts, even when they 
are rather highly dilute, tamdc add produces a white precip- 
itate. The precipitate is curdy, agglutinates on warming, and 
is soluble in acetic acid, also in a little hydrochloric acid ; but 
it is thrown down again upon the addition of more hydro- 
chloric acid. 

12. The most delicate of the gmeral reagents for alkaloids, 
in this case, are iodine with potassium iodide, potassium 


* Phannac. Centralhalle, 1882, p. 812. 
t Phil. Mag-., VI, 171 ; Joum. f. prakt. Ohem., 61, 87. 
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bismuth iodide, potassium mercuric iodide, picric acid, and 
phosphomolybdic and phosphotungstic acids (Jueoens). 

13. In relation to the micro-chemical detection of quinin, 
compare Schbaoe, Arch. 1 Pharm., 1878 ; Godeetroy, 
Zeitschr. f, allgem, Oesterr. Apothekervereins, 1878, No. 1 ; 
and Behrens, Ohem. Oentralbl., 1894, 11, p. 106. 


§ 276. 

3. OiNOHONIN, CiaH„N,0. 

1. Ginchonin occurs in cinchona bark, accompanying 
quinin and other bases. It appears either in the form of 
transparent, brilliant, rhombic prisms, fine white needles, 
or, if precipitated from concentrated solutions, as a loose 
white powder. At first it is tasteless, but after some time a 
bitter taste of bark becomes perceptible. It is nearly insolu- 
ble in cold water, and dissolves only with extreme diflGlculty 
in hot water ; it dissolves sparingly in alcohol containing water, 
but more readily in absolute alcohol. Hot alcohol dissolves it 
more abundantly than cold. Prom hot alcoholic solutions, 
the greater portion of the dissolved oinchonin separates upon 
cooling in a crystalline form. Solutions of cinchonin taste 
bitter, and manifest alkaline reaction. Cinchonin is taken up 
only to a slight degree by ether and by chloroform, but it dis- 
solves with relative ease in a mixture of chloroform with ^ to 
J alcohol (OuDEMANS, jr.*). It is almost insoluble in petroleum- 
ether. In the cold, benzol dissolves amorphous cinchonin 
easily, but the crystalline variety with more difficuHy. The 
latter dissolves more easily upon warming. 

2. Cinchonin neutralizes acids completely. The salts have 
the bitter taste of bark, most of them are crystallizable, and 
they are generally more readily soluble in water and in alco- 
hol than the corresponding quinin compounds. Ether and 
chloroform fail, or almost fail, to dissolve them. The solu- 
tions of the salts show no fluorescence, and they rotate polar- 
ized light to the right (essential difference from quinin salts). 

3. Cinchonin, when heated cautiously, fuses at first without 
loss of water ; but subsequently white fumes arise, which con- 
dense upon cold substances, like benzoic acid, in the form of 


* Zeitschr. f. analyt. Chem., 12, 287. 
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small brilliant needles, or as a loose sublimate, a peculiar 
aromatic odor being exhaled at the same time. If the opera- 
tion is conducted in a stream of hydrogen gas, long brilliant 
prisms are obtained (Hlasiwetz). 

4. In solutions of cinchonin salts, caustic potash arid soda, 
cmnumia, and the normd alkali carbonates produce a white, 
loose precipitate of cinchonin, which does not redissolve in an 
excess of the precipitants. If the solution was concentrated, 
the precipitate does not exhibit a distinctly crystalline appear- 
ance, even when magnified 200 times ; but if the solution was 
so dilute that the precipitate formed only after some time, it 
appears, under the microscope, to consist of distinct crystal- 
line needles aggregated into star-shaped tufts. 

6. Both from neutral and acidified solutions of cinchonin 
salts, sodium and potassium bioarhoTUxtes precipitate cinchonin 
in the same form as described in 4, but not so completely as 
the alkah-metal monooarbonates. Even in solutions contain- 
ing 1 part of cinchonin to 200 parts of water and acid, the 
precipitate forms immediately; but its quantify increases 
after standing some time. 

6. Cmoentrated sulphmc add dissolves cinchonin to a col- 
orless fiuid, which upon application of heat first acquires a 
brown, and finally a black, color. Addition of some nitric 
acid leaves the solution colorless in the cold, but upon appli- 
cation of heat the fluid, after passing through the intermediate 
tints of yellowish-brown and brown, finally turns black. 

7. If cinchonin is heated with potassium hydroxide, as 
described in the case of quinin (§ 275, 10), the projections of 
the solidified potassium hydroxide at first become colored 
reddish-brown to violet-blue, the edges being gray ; after- 
wards the mass assumes a bluish-green color with the evolu- 
tion of a somewhat pxmgent odor (W. Lenz). 

8. A solution of ammonium vanadate in concentrated sul- 
phuric acid (1 : 100) is not altered at first by cinchonin, but 
very gradually becomes colored permanently bluish-green. 

9. The addition of cTdorme-water to the solution of a cin- 
chonin salt fails to impart a color to the fiuid ; but if ammonia 
is afterwards added, a yellowish-white precipitate is formed. 

10. If the solution of a cinchonin salt, containing only 
very little or no free acid, is mixed with potassium ferro- 
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cyanide, a flocoalent precipitate of oinchoeie eebboopaeide is 
formed. If an excess of the precipitant is added, and a gentle 
heat Tery slowly applied, the precipitate dissolyes, but upon 
cooling separates again in the form of brilliant golden-yellow 
scales, or in long needles, which are often aggregated in the 
shape of a fan. With the aid of the microscope, this reaction is 
as delicate as it is characteristic (Oh. Doulettb, Bill, Seligsohe). 

11. In aqueous solutions of cinchonin salts, tannic add 
produces a white, flocculent precipitate, which is soluble in 
acetic acid, also in a small quantity of hydrochloric acid, but 
is reprecipitated by addition of more hydrochloric acid. 

12. Those of the general reagents for the alkaloids which 
show the greatest delicacy with cinchonin are potassium mer- 
curic iodide, iodine in potassium iodide, phosphomolybdie 
acid, and potassium bismuth iodide (Dbagbedobpi’). 

13. In regard to the micro-chemical detection of cinchonin, 
see Behbees, Ohem. Oentralbl., 1894, II, p. 105. 

Secayitidation and JSemarks. 

§ 277. 

Narcotin may be separated from quinin and cinchonin by 
repeatedly shaking the acidified solution with chloroform. 
If the acid liquid separated from the chloroform solution of 
the narcotin is made alkaline with ammonia, and is treated 
with ether containing about 2 per cent of alcohol, the cinoho- 
nin precipitates, while the quinin is obtained in the ethereal 
solution. The narcotin and the quinin are obtained by erap- 
orating the chloroform and ether, respectively.* The alka- 

* If it Is a question of distinguishing quinin and cinchonin,' not merely 
from each.other, hut also from the other bases occurring in dnchona bark 
(quinidln, dnchonidin, etc.), testing with ammonia and ether does not suffice. 
In relation to the methods of separating and distinguishing them, see Q. Kbib- 
NBK. ZeitBChr. f. analyt. Ohem., 1, 160. and 20, 160; Mane. tWa., 3, 382 : 
SCHWABZBR, Hid , 4. 129 ; DB Tru. ibid., 4. 202, and 12, 820 ; van dbb 
Bubo, &id., 4 , 278, and 9 , 179 and 808; Haobb, ibid., 8, 477, and Pharmac. 
Centralhalle, 21, 411 ; Hbssb, Zeitschr. f. analyt, Ohem , 11, 828, and 28, 
219, also Annal d. Ohem., 276, 88 and 126 ; Oodbpfbot, Zeitschr. d. Oesterr. 
Apothekcrverelns, 1878, No, 1 ; Gl4habd, Zeitschr. f. analyt. Ohem., 18, 
629 . 0 H. WoiiFP, Archiv. d. Pharmac., 219, 1 ; HiBLBie, Zeitschr. f. ana- 
lyt. Ohem., 20, 144, and 28, 120 ; Molnab, ibid., 20. 152 , and Rozbntat, ibid., 
23, 689. 
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loids separated in this way may be tested by the reactions 
described above. 

TTTTBT) OBOTJP.. 

NoN-VOLATHE alkaloids which ABE PBEOIPITATED BY POTAS- 
SIUM HYDBOXIDE PEOM THE SOLUTIONB OP THEIB SALTS, AlH) DO 
NOT BBDI8SOLVE TO ANY CONSIDERABLE EXTENT IN AN EXCESS OP 
THE PBEOIPirANT, * BUT ABB NOT PBE0IPITATBD FBOM (even Some- 
what concentrated) AOTD SOLimONB BY THE bicabbonatbs op 
the pixed at, vat, t metals : strychnin, brucin, veratrin, atro- 
pin. 

§278. 

1. Stbyohnin, 

1. Strychnin exists in company with bmcin in various 
ViTKla of atrychnos, especially in the fruit of S. nux vomica 
and of 8. ignatU. It appears either in the form of white, 
brilliant, rhombic prisms, or, when produced by precipita- 
tion or rapid evaporation, as a white powder. It gives an 

reaction, and has an exceedingly bitter taste. It is 
nearly insoluble in cold, and barely soluble in hot, water. 
The aqueous solution, diluted with water in the proportion of 
1 : 100, still tastes noticeably bitter. Strychnin is insoluble in 
absolute alcohol and ether, while cold aqueous alcohol dis- 
solves it with difficulty, but far more easily when hot. Com- 
mon ether (containing some water and alcohol) dissolves a 
little of it. Strychnin dissolves with relative ease in acetic 
ether, and also in chloroform, but only to a sh'ght degree, 
however, in amyl alcohol and benzol, and scarcely at all in 
petroleum-ether. Upon heating, it does not fuse, or scarcely 
does so, without decomposition. By cautious heating, it 
may be sublimed unchanged in small quantities (Helwig). 
(Compare the foot-note on p. 674.)t 

2. Strychnin neutralizes acids completely. The salts are 
for the most part crystallizable, and most of them are soluble 
in water and alcohol, but they are insoluble in ether, ohloro- 

* Begarding atropln, see also § 281, 4. 

f According to SoEnjrzBirBBBGBiB, atrychnln la not a simple body, but a 
complex one .consisting of three alkaloids. Ooncemlng this, compare also 
Haobb, Pharmac. Oentialhalle, 1884, p. 181. 
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form, amyl alcohol, and benzol. All of them have an in- 
tolerably bitter taste, and are, like the free alkaloid, ex- 
ceedingly poisonous. In concentrated aqneous solutions, the 
addition of small amounts of acid causes the precipitation 
of a part of the salt, but the precipitates redissolve upon the 
addition oi more acid (TT anbiot and Sla£EZ). 

3. In solutions of strychnin salts, potassium hydroxide, 
sodium hydroxide, and sodium carhonede produce white precipi- 
tates of BTETOHinN, which are insoluble in an excess of the 
precipitants. Magnified 100 times, the precipitate appears as 
an aggregate of small crystalline needles. From dilute solu- 
tions, the strychnin separates, only after the lapse of some 
time, in the form of crystalline needles, distinctly visible to 
the naked eye. 

4. Ammonia produces the same precipitate as potassium 
hydroxide. The precipitate redissolves in an excess of am- 
monia; but after a short time (if the solution is highly 
dilute, after a considerable time), the strychnin crystallizes 
from the ammoniacal solution in the form of needles, which 
are distinctly visible to the naked eye. 

6. In neutral solutions of strychnin salts, sodium iicarbort- 
ate produces a precipitate of strychnin, which separates in fine 
needles shortly after the addition of the reagent, and is insolu- 
ble in an excess of the precipitant. But upon adding one drop 
of acid (leaving the fluid still alkaline), the precipitate dis- 
solves readily in the liberated carbonic acid. The addition 
of sodium bicarbonate to an acid solution of strychnin causes 
no precipitation, and it is only after the lapse of 24 hours, 
or even longer, that strychnin crystallizes from the fluid 
in distinct prisms, in proportion as the free carbonic acid 
escapes. If a concentrated solution of strychnin, super- 
saturated with sodium bicarbonate, is boiled, a precipitate 
forms at once ; but from dilute solutions, this precipitate sepa- 
rates only after concentration. 

6. In concentrated solutions of strychnin salts, potassium 
srdphocycmde produces immediately, but in dilute solutions 
after the lapse of some time, a white, crystalline prepicitate, 
which appears under the microscope as an aggregate of 
flat needles, truncated, or pointed at an acute angle, and is 
but sightly soluble in an excess of the precipitant. 
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7. In solutions of strychnin salts, n^cwric ohlor^e produces 
a white precipitate, which changes after some time to crystal- 
line needles, aggregated into stars, and distinctly visible 
through a lens. Upon heating the fluid, these crystals dis- 
solve, and upon subsequent oooUng of the solution, the com- 
pound recrystallises in larger needles. 

8. If a few drops of pure concentrated eidphuric acid are 
added to a little strychnin in a porcelain dish, solution ensues, 
without coloration of the fluid. If small quantities of oxi- 
dising agents (potassium chromate, permanganate, or ferri- 
cyanide, lead dioxide, or manganese dioxide) are now added 
(best in the solid form, as dilution is prejudicial to the reac- 
tion), the fluid acquires a magnificent blue-violet color, which, 
after some time, changes to wine-red, then to reddish-yellow. 
With potassium chromate or permanganate, the reaction is 
immediate. On inclining the dish, blue-violet streaks are 
seen to flow from the fragment of salt, and by pushing the 
latter about, the coloration is soon imparted to the entire 
fluid. With potassium ferricyanide the reaction is less 
rapid, but it is slowest with dioxides. The more speedy the 
manifestation of the reaction, the more rapid also is the 
change of color from one tint to another. I prefer potassium 
chromate, recommended by J. Otto. The reaction is espe- 
cially beautiful and delicate if traces of strychnin upon a 
watoh.^lass are covered with a dilute solution of potassium 
diohromate. The strychnin is then gradually converted into 
difficultly soluble stiychnin chromate. If the liquid is 
poured ofi^ the residue rinsed with some water, the remain- 
der of the liquid absorbed with blotting-paper, and the 
coating of strychnin chromate is brought into contact with 
concentrated sulphuric acid, blue or bluish-violet streaks ap- 
pear at once. Strychnin chromate may also be directly pre- 
cipitated from solutions of strychnin salts by means of 
potassium dichromate (B. Otto). FLtroKiaEB recommends a 
solution of .01 g of potassium dichromate in 5 cc of water 
which is mixed with 16 g of concentrated sulphuric acid. 
If a liquid containing strychnin is placed in a layer upon 
this solution, in a test-tube, a bluish-violet zone is obtained 
at the point of contact. The reaction, of course, occurs 
also when a trace of strychnin or a strychnin salt is 
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sprinkled upon the liquid mentioned above. The process 
is most delicate, however, when use is made of the light 
greenish solution (first used by Guv) of 1 part of potassium 
permanganate in 2000 parts of concentrated sulphuric acid. 
Wenzell * states that he has succeeded in distinctly detecting 
.0005 mg of strychnin, by the aid of this solution. Since, 
with solutions of potassium permanganate in sulphuric acid, 
other organic substances also yield colorations which 
are similar to that produced by strychnin, it is not ad- 
visable to make use of potassium permanganate when the 
substance to be tested for strychnin contains other organic 
matters. In this case, potassium dichromate is to be pre- 
ferred (SEDGWiOEf)* Chlorides and somewhat large amounts 
of nitrates, as well as considerable amounts of other organic 
substances, interfere with -or prevent the reaction. It is 
therefore advisable first to separate the strychnin as far as 
possible from other substances before applying the decisive 
reaction. If the red solution (colored by manganese dioxide) 
is mixed with from 4 to 6 times its volume of water, heating 
being avoided, and ammonia is then added until the reaction 
is nearly neutral, the fluid shows a magnificent violet-purple 
tint; upon the addition of more ammonia, the color becomes 
yellowish-green to yellow (J. Erdmann). I have found, how- 
ever, that this reaction is seen only where larger, though still 
very minute, quantities of strychnin are present, Morphin, 
when present at the same time, interferes with or prevents 
these strychnin reactions, In order to produce the 
strychnin reaction with certainty in the presence of mor- 
phin, the concentrated, aqueous, neutral solution of the salts is 
mixed with potassium ferricyanide (Neubatjer) or normal 
potassium chromate (Horsley), and filtered. The precipitate 
contains the strychnin as ferricyanide or chromate, re* 
spectively, while the solution contains the soluble morphin 
s^ts. In either case, the precipitate is washed a little, 
dried, and mixed in a watch-glass with strong sulphuric acid, 
when the blue-violet color is immediately produced. It 

* Pharmac. Oentrallialle, 1871, p. 284. 

f Zeitschr. f. analyt. Chem., 20, 421. 

tHsBSB, Zeitschr. f. analyt. Chem., 1, 899; and Hobslbt, 1. 516u 
(Compare, on the other hand, Thoscas, ibid,, 1, 417.) 
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should be borne in mind that the strychnin precipitates are 
not insoluble in water.* In relation to the detection of 
strychnin in the presence of brucin by means of the reaction 
under consideration, compare § 282. Finally, it must be men- 
tioned that with sulphuric acid and potassium chromate, 
curarin produces the same reaction as strychnin. They differ, 
however, in this, that curarin is colored red by sulphuric acid 
alone, and gives much more permanent colorations with the 
chromate (DEAGENDOErp). 

9. If o&r%v/Tfi dioxide is added to a solution of strychnin in 
concentrated sulphuric acid, a magnificent blue color appears, 
which changes with comparative slowness into violet and 
finally becomes permanently red (SoNNENSOHErN,t and also 
Djubbeeg^). According to I^ugge, the minutest amounts of 
strychnin (.0005 mg) may be detected by the aid of this re- 
action. 

10. If a little strychnin and a few drops of a solution of 
ammonitim vanadate in concentrated avlphuric add (1 : 100) are 
brought together upon a watch-glass, and allowed to stand 
for a few moments, just until a darker color appears, and the 
watch-glass is then inclined a little, there is noticed, at the 
instant when the vanadic-sulphurio acid flows off from the 
residue, a magnificent, characteristic, blue coloration, which 
soon changes to a violet, then to a cinnabar-red or red- 
dish-yellow color. If, after the cinnabar-red color has ap- 
peared, the acid is treated with potassium or sodium hydrox- 
ide solution, a permanent pink to purple-red color is obtained, 
which becomes still finer upon diluting with water. The blue 
coloration is shown distinctly in using .001 mg of strychnin. 
The reaction is further characterized by the fact that it is not 
interfered with by the presence of other alkaloids at the same 
time, or is interfered with in a much slighter degree than 
the reaction described in 8 (Mandelin§). 

* Bodgbbs (ZeitBchr. f. analTt. Ohem., 6, 406) recommends separating 
strychnin from morphln by benzol or chloroform, in which the former alone 
is soluble. Thomas recommends rendering the solution of the acetates alka- 
line with potash and shaking with chloroform, when the morphin remains in 
the alkaline solution, while the strychnin dissolves in the chloroform. 

t Zeitschr. f. analyt. Chem., 9, 406. 

%Ibid., 11, 440. 

g Zeitschr. f. analyt. Chem., 23. 240. 
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11. In solutions of stiyclinin salts, strong cWynm-waier 
produces a white precipitate, soluble in ammonia to a color- 
less fluid. 

12. Strong mJtric cuAd (sp. gr. 1.4) dissolTOS stiychnin and 
its salts to a colorless fluid, which turns yellow when heated. 
If a small amount of pulverized potassium chlorate is added 
to the solution (which has been prepared cold), the liquid 
assumes a beautiful purple-red color. 

13. In solutions of strychnin salts, ta/mus acid produces 
heavy white precipitates, insoluble in hydrochloric acid. 

14. Of the gesMral reageaia, those most delicate for strychnin 
are potassium mercuric iodide, potassium bismuth iodide, 
iodine in potassium iodide, and picric acid.* 

§ 279. 

2. Brnrom, 0„H,,N,0«. 

1. Brucin occurs with stiychnin (see § 278). Crystallized 
brucin, 0„H„N,0,.4H,0, appears either in the form of trans- 
parent rhombic prisms, in that of ciystalline needles ag- 
gregated into stars, or as a white powder composed of 
minute crystalline scales. Brucin is difficultly soluble in 
cold, but somewhat more readily in hot, water. It dissolves 
freely in alcohol, both absolute and dilute, also in cold, but 
more readily still in hot, amyl alcohol. It also dissolves in 
chloroform, much less easily in benzol, slightly in common 
ether, but scarcely at all in absolute ether, and with difficulty 
in petroleum-ether. Its taste is intensely bitter. When 
heated somewhat above 100°, it fuses with loss of its water of 
crystallization. By cautious heating, it may be sublimed 
unchanged (see foot-note, p. 674). The alcoholic solution of 
brucin rotates polarized light towards the left. 

2. Brucin neutralizes acids completely. The salts are 
readily soluble m water, have an intensely bitter teste, and, 


* In relation to other reactions for stiychnin, see GtoDBFPBOT, Zeltschr. f. 
analyt. Ohem,, 16, 244; Sblmi, 18, 292; Pbaudd, ibid,, 19, 87; 
JoBiBSEisr, ibid,^ 19, 858; Palm, ibid,, 22, 226; Abbold, ibid,, 23, 281 
and 284 ; and in regard to the differences in the reactions of strychnin and 
^Isemin, see Badiondi, Zeitschr. f. analyt. Ohem., 26, 748. 
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like the free alkaloid, are poisonous. Most of them are 
crystallizable. 

3. From solutions of brucin salts, potaaamm hydroxide, 
sodium hydroxide, and sodium carbonate throw down a white 
precipitate of brucin, insoluble in an excess of the precipitant. 
Viewed under the microscope, immediately after precipitation, 
this appears to consist of very minute grains ; but upon further 
inspection, these grains are seen (with absorption of water) 
to change suddenly into needles, which subsequently arrange 
themselves, without exception, into concentric ^oups. These 
successive changes of the precipitate may be distinctly traced, 
even with the naked eye. 

4. In solutions of brucin salts, ammmia produces a whitish 
precipitate, which appears at first like a number of minute 
drops of oil, but subsequently changes (with absorption of 
water) to small needles. Immediately after separation, the 
precipitate redissolves very readily in an excess of the pre- 
cipitant; but after a very short time (in dilute solutions, 
after a longer time), the brucin, combined with water, crys- 
tallizes from the ammoniaoal fluid in small, concentrically 
grouped needles, which the further addition of ammonia fails 
to redissolve. 

6. In neutral solutions of brucin salts, sodium bicarbonate 
produces a precipitate of brucin, combined with water. This 
precipitate separates, after a short time, in the form of con- 
centrically aggregated needles of silky luster, which are 
insoluble in an excess of the precipitant, but dissolve in free 
carbonic acid (compare strychnin). Sodium bicarbonate fails 
to precipitate acid solutions of brucin salts ; and it is only 
after a considerable time, and with the escape of the carbonic 
acid, that the hydrated alkaloid separates from the fluid in 
comparatively large crystals. 

6. Concentrated nitric add dissolves brucin and its salts to 
intensely red fluids, which immediately acquire a yellowish-red 
tint, and turn yellow upon the application of heat. Upon the 
addition of stannous chloride or colorless ammonium sulphide 
to the fluid, heated to this point, either while concentrated or 
after dilution with water, the faint yellow tint changes to a 
most intense violet. From concentrated solutions, there 
separates also a violet precipitate. If hydrogen sodium sul- 
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phide is used, instead of the reducing agents mentioned, the 
violet color, first appearing, afterwards changes to green (St. 
Cotton *). 

7. If a little brucin is treated with a few drops of pure 
coTicentrated sulphuric acid, a solution of a faint rose-color is 
obtained, which afterwards turns yellow. If a small amount 
of sulphuric acid containing nitric add (Ebdmann’s acid 
mixture f) is added, the fluid transiently acquires a red, after- 
wards a yellow, color. The reaction is very delicate, 

8. If a solution of a brucin salt is mixed with a solution of 
mercuroiLS nitrate which contains as little free acid as possible, 
a colorless liquid results. If the mixture is now placed upon 
a moderately heated water-bath a beautiful carmine color 
gradually appears, which slowly increases in intensity and is 
very stable. Strychnin produces no reddening. One part of 
brucin in 10 or 20 parts of strychnin may be distinctly recog- 
nized in this manner (Pluckiger J). 

9. If brucin is brought into a solution of ammonium vanadate 
in concentrated sulphuric acid (1 : 200), the solution transiently 
becomes yellowish-red, then reddish-orange, but soon loses 
its color (Mandelin §). 

10. If the solution of a brucin salt is mixed with potassium 
dichromate, it remains clear at first, but after some time 
yellowish-red crystals separate, which dissolve in concen- 
trated sulphuric acid with a brownish-red color. 

11. Careful addition of cTdorin^water to the solution of a 
salt of brucin imparts to the fiuid a fine bright red tint, and if 
ammonia is then added, the red color changes to yellowish- 
brown. If solid brucin is covered with a little chlorine-water, 
it dissolves to a light red liquid which becomes colorless upon 
the addition of more chlorine-water, the latter yielding a 
blood-red residue upon being evaporated to dryness upon the 
water-bath (Beoedbts). (Essential difference from strychnin.) 

12. Potassium sulph/c^oimde produces in concentrated solu- 
tions of salts of brucin immediately, in dilute solutions after 
some time (especially upon rubbing the surface of the glass 


* Zeitachr. f. analyt. Chem , 9, 111. 
t For its preparation, see foot-note, p. 684 
t Zeltschr. f. analyt. Chem., 16, 842. 
g Zeltschr. f. analyt. Chem., 23, 286, 
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tmder the liquid), a granular, crystalline precipitate, which, 
under the microscope, appears composed of variously aggre* 
gated, polyhedral, cryst^ine grains. 

13. If brucin is dissolved in acetic acid, some water is 
added, and then a little lead dioxide, a rose-red coloration of 
the liquid is produced (Ihl). 

14. Mercmic chloride produces a white, granular precipi- 
tate, which, under the microscope, appears composed of small, 
roundish, crystalline grains. 

15. In solutions of salts of brucin, tomma add produces 
heavy, diiHy-white precipitates, soluble in acetic acid, but 
insoluble in hydrochloric acid. 

16. The most delicate of the gemercd reagends for brucin are 
iodine in potassium iodide, potassium mercuric iodide, phos- 
phomolybdiq acid, and potassium bismuth iodide.* 


3. VBEATBIN.t 

1. Yeratrin occurs in various species of veratrum, espe- 
cially in the seeds of Veratrum sabadMa, and in small amount 
in the root of Veratrum album and of Veratrum lobdicvnum. 
It appears as a white, loose, odorless powder ,of acrid and 
burning, but not bitter, taste, and is exceedingly poisonous. 
Its dust, when entering the nose in the minutest quantity. 


* Oonceming other reactions for brucin, see Hageb, Zeitschr. f. analyt. 
Chem., 11, 301; Buckingham, tWa., 13, 386; Dbagbnbobff, ibid ,, 18, 
108; Fraubb, ibid., 19, 87; Faim, ibid., 22, 226; Abnold, ibid, 23, 229 
and 382. 

t The offldnal veratrin, which is usually understood by the name vera- 
trln,** is an intimate mixture of two isomeric alkaloids. They have the 
formula, Ga 9 H 4 »KOB. One of the alkaloids, crystallized veratrin or cevadin, 
is ciystallizable and almost Insoluble in water. The other, veratridin, is not 
mystallizable and is soluble in water. But the two do not admit of separation 
by means of water, since a small amount of cevadin makes the veratridin in- 
soluble in water, while, on the other hand, a small amount of veratridin 
deprives the ccYadin of its power of crystallizing (Bobbtti). The statements 
given in the text refer to the officinal veratrin. In relation to separating the 
mixed alkaloids, see E. Schmidt and R. Koppbn, Annal. d. Ohem., 186, 224. 
and Bosbtti, Zeitschr. f. analyt. Chem., 26, 249, 
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excites the most violent sneezing. Yeratrin dissolves in water 
onlj in very slight amount, but to a greater extent when 
freshly precipitated than after drying. The solution has a 
burning taste, and reacts faintly alkaline. The cold saturated 
solution becomes turbid upon heating, but becomes clear again 
upon cooling if the heating has not been continued for a long 
time, Yeratrin dissolves in 2 parts of chloroform, in 3 parts of 
alcohol, somewhat less in ether, amyl alcohol, and benzol, and 
is still less soluble in petroleum-ether. At ISO"*, it fuses like 
wax, and upon cooling, changes into a yellow, translucent 
mass. Upon cautious heating, it may be sublimed unchanged 
(compare the foot-note on p. 674). 

2. Yeratrin neutralizes acids completely. Some veratrin 
salts are crystallizable with difficulty, but most of them dry 
up to a gummy mass, while some are soluble in water, and 
have an acrid and burning taste. 

3. In solutions of veratrin salts, potassium hydroxide, sodium 
hydroxide, ammonia, and the alkali monocarbonates produce a 
flocculent white precipitate, which, when viewed under the 
microscope immediately after precipitation, does not appear 
crystalline. After the lapse of a few minutes, however, it alters 
its appearance, and, instead of the original coagulated flakes, 
small scattered clusters of short prismatic crystals are ob- 
served. The precipitate does not redissolve in an excess of 
potassium or sodium hydroxide or of potassium carbonate. 
It is slightly soluble in ammonia in the cold, but the dissolved 
portion partially separates again upon application of heat. 

4 With sodium bica/rboTiate and potassium bicarbonate, the 
salts of veratrin comport themselves' like those of strychnin 
and brucin. However, upon boiling, the veratrin separates 
readily, even from dilute solutions. 

6. If veratrin is acted upon by concentrated nitric add, it 
agglutinates into small resinous lumps, which dissolve slowly 
in the acid. If the veratrin is pure, the solution is colorless. 
If the solution is evaporated to dryness on the water-bath, 
and the residue moistened with concentrated alcoholic pot- 
ash, it becomes dark brown, or often dark reddish-brown, and 
evolves a strong odor resembling that of coniin. 

6. If veratrin is treated with coiM^rated stdphuric add, it 
also agglutinates at first into resinous lumps ; but these dis- 
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solve with readiness to a faint yellow flnid, having a greenish- 
yellow flnoresoence at first. The yellow color, however, gradual- 
ly increases in depth and intensity, and changes afterwards to 
a reddish-yellow, then to an intense blood-red, and finally to 
purple-red. The color persists 2 or 3 hours, then gradually 
disappears. Upon warmuig, the red color appears at once, 
Oubebin gives a similar reaction (Schab). 

7. If a little pulverized sugar is sprinkled upon the yel- 
low solution of veratiin in concentrated sulphuric acid, spread 
out in a layer, there soon occurs, from the absorption of 
moisture, a dark green color, which slowly becomes intensely 
blue, and then gradually fades (Weeeen*). The appear- 
ance of the green coloration is hastened by breathing upon 
the acid. This reaction also occurs very beautifully, if 1 part 
of veratrin is triturated with 6 parts of sugar (Bbokubts), 
not much more nor much less (B. Otto), and the whole is 
then mixed with not too much sulphuric acid. 

8. A solution of aswinOMum vanadate in concentrated su^hunc 
<uM (1 : 100) is colored by veratrin first brownish-red, and 
afterwards dark reddish-violet (Eotdkat), 

9. If veratrin is dissolved in sfro7tg hydrocMoric acid, a 
colorless fluid is obtained, wMch by long boiling gradually 
acquires a reddish, and finally an intensely red, tint, which 
is permanent on standing. The reaction is very delicate 
(Tbapp). 

10. Potassium sulipJiceyamde produces flocculent, gelatinous 
precipitates, only in concentrated solutions of veratrin salts. 

11. Addition of not too little clilorine-water to the solution 
of a veratrin salt imparts to the fluid an intense yellow color, 
which is not essentially changed upon the addition of am- 
monia. 

12. For veratrin, the most delicate of the general reagents 
for the alkaloids are phosphomolybdic acid, iodine with potas- 
sium iodide, potassium mercuric iodide, and tannic acid.f 


* Zeitschi. f. analyt. Chem., 13, 464. 

f In relation to further reactions for veratrin, see BtroxnreHAU, Zeitscbr. 
f. analyt. Chem., 13, 886 ; GtonsFVBor, ibid., IS, 244 ; JoBissBir, Stid,, 19, 
869; Robsbaob, action upon Infusoria, tbid., 21, 489; Ashold, Md., 23. 
281 and 281 
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§ 281. 

4. Ateopin, C„H.rN'0,. 

1. Atropin occurs in all parts of the deadly nightshade 
{Atropa idk[d(mna) and of the thorn-apple {Dcdura stramo- 
nium)^ together with hyoscyamin (Ladenbubg, E. Schmidt).* 
It forms small, brilliant prisms and needles. When pure, it is 
without odor, and is nauseously and persistently bitter to the 
taste. It fuses at 115° to 116° to a colorless liquid, which solid- 
ifies in a crystalline condition upon cooling. It volatilizes at 
140°, with partial decomposition. Atropin dissolves with dif- 
ficulty in cold, somewhat more easily in boiling, water. The 
solution gives an alkaline reaction, and, upon boiling, some of 
the atropin volatilizes with the steam. Animal charcoal takes 
it up from its aqueous solution. Atropin dissolves easily 
in alcohol, and the solution is optically inactive (Poehl). 
It dissolves very easily in chloroform and in amyl alcohol, 
but more dMcultly in ether and in benzol, and scarcely at all 
in petroleum-ether. 

2. Atropin combines with acids, forming salts, some of 
which, particularly the acid salts, do not crystallize, or do so 
only with difficulty. The salts dissolve easily in water and 
alcohol, but are nearly or quite insoluble in ether, benzol, and 
amyl alcohol. The aqueous solutions of the salts acquire a 
dark color by long heating. 

3. Atropin and its salts are active narcotic poisons. When 
applied to the eye, they dilate the pupil for a considerable 
time. (Hyoscyamin has the same action ; but the dilation 
in this case is rather slower in making its appearance, and 
more lasting. Gocain adso dilates the pupil, but only upon 
the use of a somewhat more concentrated solution.) 

4. Potassivm Ttydroxide^ sodium hydroxide^ and Jixed alkali 
mmjo(m^b(ynale8^ added to concentrated aqueous solutions of 
atropin salts, precipitate a portion of the alkaloid. The pre- 

*E. Scmcmr and H Hsnbohsb (Chem. Gentralbl., 1888, p. 549)' also 
found atropin with hyoscyamin and hyoscln in the root of ScopoUa japoniea. In 
regard to the other alkaloids occurring with atropin and hyoscyamin in bella- 
donna, and their properties, compare O. Hbsbb, Annal. d. Chem., 261, 87, and 
271, 100. 
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cipitatei which is at first pulverulent, does not dissolve in ex- 
cess of the precipitant more readily than in water. By long 
standing, it becomes crystalline. likewise produces 

a precipitate, soluble in an excess. Atropin is decomposed 
in contact with fixed alkalies or with baryta-water, slowly in 
the cold, rapidly on heating, with the formation of atropic 
acid and tropin. 

6, Ammonium carbonate and cdJcali hicarixymtes do not pro- 
duce precipitates in solutions of atropin salts. 

6. HydrocfHorauric acid, added to aqueous solutions of 
atropin salts, throws down atropin hydrochlorauride in the 
form of a yellow precipitate, which gradually becomes crys- 
talline. The compound forms small plates, devoid of luster, 
which fuse at 136® to 137® (Ladeispbubg). 

7. In aqueous solutions of salts of atropin, taTi/nic cund 
produces a white, curdy precipitate, soluble in ammonia and 
in hydrochloric acid. 

8. If atropin is warmed with concentrated svlpJiimc add to 
slight browning, and a little water is added, an agreeable odor is 
evolved during the frothing, recalling that of the sloe blossom 
(GiJiJEiiMo). If a fragment of potassium dichromate is added 
to the hot mixture, the odor which now escapes recalls that 
of the blossoms of 8pir<Ba vlmaria. If the warming is con- 
tinued, it is similar to that of bitter-almond water (Peeifpee). 
The odor of flowers characteristic of atropin may be also 
produced by bringing some atropin upon a few chromic-acid 
crystals, and heating gently until the chromic acid assumes a 
green color in consequence of the commencement of reduction 
(Bbuio^). 

9. If atropin or an atropin salt is covered with a little 
fuming nitric acid, and the mixture is evaporated to dryness 
upon the water-bath, a colorless residue is obtained. If, 
after cooling, a drop of a solution of potaasivm hydroxide in 
absolute alcohol is added, a violet coloration results, which 
soon changes into red (Vitaij). Strychnin and many pto- 
mains behave similarly (Menegazzi, Oiotto, and Spioa), Con- 
cerning the different behavior of atropin and strychnin in this 
reaction, compare, however, Vetaii, Ohem. Oentralbl., 1894, 
n, p. 816. 

10. If atropin, together with concentrated aid/phvric add, is 
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placed upon a white porcelain surface, and a few crystals of 
potassium nitrite are stirred into the mixture, the latter assumes 
a deep yellow to orange color. If a fe^f drops of a solution 
of potassium hydroxide in alcohol are now added, the mixture 
becomes magnificently red-violet, and then soon pale pink 
(Arnold). 

11. In an alcoholic solution of atropin, an aqueous solu- 
tion of rrierctmc chloride produces at once a yellowish precipi- 
tate, which becomes orange-red upon gentle warming (Geb- 
raed). 

12. Picric axsid acts in various ways upon the atropins 
occurring in commerce. In a solution of the English atropin 
sulphate, a turbidity is produced which is caused by amor- 
phous globules. Alter warming until the turbidity dissolves, 
and then cooliag, beautiful rectangular crystalline plates 
are formed. The German atropin sulphate, on the other 
hand, gives at once, with picric acid, an essentially crystalline 
precipitate, and an amorphous turbidity only to a small ex- 
tent. These crystals are also rectangular plates (Haoeb).^ 

13. For atropin, the most delicate of the gemral reagents 
for the alkaloids are iodine in potassium iodide, and phospho- 
antimonic acid.t 

Pecapit'dation and Bemarks. 

§ 282 . 

Strychnin may be separated from bruoin, veratrin, and 
atropin, by means of cold absolute alcohol, since it is insolu- 
ble in that liquid, while the latter alkaloids readily dissolve 
in it. Strychnin may also be separated from brucin by 
means of potassium chromate. For this purpose, the alka- 
loids are brought into as concentrated a solution as possible, 
faintly acidified with acetic acid, and potassium chromate is 


* According to Pobhi , picric acid acts indiSerently towards pure atropin 
salts (Zeitschr. f. analyt. Ohem., 18, 629). 

f In relation to further reactions for atropin, see Godeffbot, Zeitschr. f. 
analyt. Chem., 16, 244; Robsbaoh, action upon Infusoria, ibid,^ 21, 483; 
YiTALi, ibid,, 21, 581 ; Fauc, ibid., 22, 226 ; Fltjgstgbb, Ohem. CentralbL, 
1886. p. 504 
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added. Almost all the strychnin then separates as chromate, 
while the brudn remains dissolved (E. Otto). By means of 
chlorine-water, also, the two alkaloids may be easily recognized 
in the presence of each other and separated, for if they are 
treated with it in the dry state, the brucin dissolves to a red 
liquid (§ 279, 11), while the strychnin remains behind 
(Bboeubts). Strychnin may be identified best by the reaction 
with sulphuric add and the oxidizing agents mentioned in 
§ 278, 8 ;* also by its crystalline form observed under the 
microscope, when it has been precipitated with alkalies ; or 
finally by the form of the precipitate produced by potassium 
sulphocyanide or mercuric chloride. Brucin and veratrin may 
be separated from atropin by shaking the alkaline solution with 
petroleum-ether (Bbaobndobft). The latter takes up the 
brucin and veratrin, but not the atropin. By separating the 
aqueous fluid from the petroleum-ether, and shaking it with 
ether, the atropin may be obtained in ethereal solution. 
Brucin and veratrin are not readily separated from each 
other, but may be detected in presence of each other. The 
identity of brucin is best established by the reactions with 
nitric acid and stannous chloride or ammonium sulphide, or 
by the form of the crystalline precipitate which ammonia 
produces in solutions of salts of brucin. Yeratrin is suffi- 
ciently distinguished from brucin and the other alkaloids con- 
sidered here, by its characteristic deportment when heated, 
and also by the form of the precipitate which alkalies produce 
in solutions of its salts. To detect veratrin in presence of 
brucin, the reaction with concentrated sulphuric acid or with 
hydrochloric acid is selected. 


* Besides curaria (see above), the oaly other body which acts somewhat 
similarly in this respect is anilln. A. Out, however, has called attention to the 
fact that anilin, when treated with sulphuric acid and oxidizing agents, first 
assumes a pale green color, which gradually becomes darker, and only after that 
takes on a magnificent blue color, which persists for a long time, and finally 
changes to black. Bradn essentially disturbs the color-reaction with sulphuric 
acid and potassium dicbiomate. The reaction is, however, still distinct upon 
using 1 mg of strychnin to 20 mg of brucin, but it is Indistinct with 1 mg to 
40 mg (BzaKUBn). 
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G. Fbofkrixes and BEAcrnoNS of cebtain bob-nitbooenods 

BoDIEB AT.T.TTi’.-n TO TEE AIEALOIDS. 

In connection with the alkaloids, salicin, digitalin, and 
piorotoxin will be considered, although thej do not belong 
to the same class of chemical compounds. 

§ 283. 

1. Saxioin, 0„H„0,. 

1. Salicin exists in the bark and leaves of most kinds of 
willow and some kinds of poplar. It appears either in the 
form of white crystalline needles and scales of silky luster, 
or, where the crystals are very small, as a powder of silky 
luster. It has a bitter taste, and dissolves somewhat diffi- 
cultly in cold water and cold alcohol, but readily at the boiling 
temperature. It is insoluble in ether, but soluble in caustic 
potash solution as well as in glacial acetic acid. It fuses at 
198°, and decomposes at a higher temperature. 

2. Salicin is precipitated by almost no reagent in such a 
way that it is present as such in the precipitate, but, from 
concentrated, hot aqueous solutions, lead acetate precipitates 
a white compound of sauoib and dead oxide. 

3. If salicin is brought into concentrate mtphwric acid, it 
agglutinates into a resinous lump, and acquires an intensely 
blood-red color, without dissolving; while the color of the 
sulphuric acid is at first unaltered. Solution takes place only 
slowly, and, to the extent that this is effected, the acid also 
becomes red. 

4. If an aqueous solution of salicin is mixed with dUvte 
sidphwric add or with hydrooMorio add, and boiled for a short 
time, it suddenly becomes turbid, grape-sugar being formed, 
and deposits a white agglutinating precipitate (SAUBEirm). If 
the liquid containing the precipitate is now mixed with 1 or 
2 drops of potassium chromate and boiled, the saliretin 
acquires a bright rose color, the characteristio odor of sali- 
cylic aldehyde being emitted at the same time. If the boiling 
with dilute sulphuric acid and potassium .chromate is con- 
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ducted in a small distilling apparatus, the receiver of which 
contains a little water, the salicylic aldehyde in its contents 
may be easily detected by adding a drop of neutral ferric 
chloride solution, which produces an intense violet colora- 
tion (Pabbot.) 

5. Ferrio cUoride colors solutions of salicin slightly 
brownish, and upon boiling, the liquid is decolorized, with 
the formation of an ochre-yellow precipitate. 

6. If salicin is brought into a solution of sHvcr nitTot6 con- 
taining an excess of ammonia and some potassium or sodium 
hydroxide, and heat is applied, a fine mirror of silver is 
formed from reduction. Other glucosides, mannite, and cane- 
sugar, as well as grape-sugar, yield the same reaction (E. 
Saleowsei). 

7. If a little salicin is moistened with a few drops of a 
solution of zinc cMoride in dilute hydrochloric acid (.1 g of 
fused zinc chloride, 3 cc of fuming hydrochloric acid, 3 cc of 
water), and it is allowed to become dry on the water-bath, an 
intense violet-red residue is obtained (A. Jobissen). 

8. Salicin does not saturate acids, nor does it combine 
with them. 


§ 284. 

2. DlGITALm.* 

1. The preparations occurring in commerce under the 
name digitalin vary greatly in their properties. They con- 
sist of mixtures of tho aotiye principles of Digitalis pwpurea 
and their decomposition products SoHmEDEBEBO- mentions 
the following: Digiioein (very poisonous), digptalin, in a 
restricted sense, and digitalein (both poisonous), and digi- 
lONiN (slightly arCtive).t Other investigators have arrived at 
difiEerent results, so that the investigation of the active con- 
stituents of digitalis cannot yet be considered as finished. 
The constituents are present in the digitalin of commerce in 


* In regard to tte formula of digitalin, compare AmrATm, Chem. Oen- 
ttalbL, 1889, n, p. 1049. 

t N. Bep. Fharm., 24, 89 ; Chem. Centralbl., 1875, p. 98S, where the 
propertieB of the separate substances are given. 




§284.] 


DIGITALIN. 


709 


widely varying proportions. They are nitrogen-free, and be- 
long to the glncosides or to the bitter principles. 

2. For practical purposes, two kinds of commercial digi- 
talin are to be especially considered, viz., the Q-ebman, soluble 
in water, and the Fbenoh, but slightly soluble in water, both 
of which show similar physiological action. According to 
most of the statements, German digitalin is amorphous, but 
according to E. Otto, it is a powder which appears crystalline 
under the microscope. It dissolves in cold water to a neutral, 
turbid, bitter liquid, which froths abundantly upon shaking. 
Alcohol and amyl alcohol dissolve it completely, ether, ben- 
zol, and chloroform partly, and petroleum-ether not at all. 
The French digitalin (Nativelle’s) occurs in fine, loose 
needles, united in bundles, possessing a neutral reaction. It 
yields a bitter taste only slowly, scarcely dissolves in water, 
does not dissolve in ether or benzol, but dissolves easily in 
chloroform and in alcohol. The French digitalin of Homolle 
shows somewhat varying properties. It forms a white or yel- 
lowish-white, warty or scaly mass of neutral reaction and 
very bitter taste, which dissolves very slightly in water, easily 
in 90 per cent alcohol, but difficultly in ether. After moisten- 
ing with glacial acetic acid, all kinds of digitalin dissolve upon 
addition of water (Dragendorff *). 

3. If a solution of commercial digitalin, prepared by the 
aid of glacial acetic acid, is shaken with chloroform at 35% the 
active constituents of it, or at least the greater part of them, 
are obtained in the chloroform. They remain behind after 
washing the chloroform with water, filtering, t and allowing it 
to evaporate at about 30®. 

4. If commercial digitalin, or the residue obtained in 3 by 
the evaporation of the chloroform extract, is treated with con- 
cmtrated sulphiric add, or even with sulphuric acid containing 
one or two molecules of water for each molecule of sulphuric 
acid (which is to be preferred in the presence of foreign or- 
ganic substances, Dragendorff), and one or two drops of 


* *'Gerlchtlicli-chem. Brmlttdung von Gif ten." 8te Aufl. (Vaudenhoeck 
und Buprecht, GK^ttlngen), 1888, p. 804 In regard to the action of varioua 
kinds of digitalin, compare G. Bardbt, Ohem. Centralbl., 1890, 1, p. 407. 

f If the chloroform solution appears mucilaginous, a few drops of abso- 
lute alcohol should be added before filtering. 
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brorfivn/d sclution are added bj means of a glass rod, there ap- 
pears, upon stirring, a characteristic,* more or less pure, pur- 
ple coloration. f For the bromine solution, Dbagendobfp 
recommends a solution of 1 part of potassium hydroxide in 6 
parts of water, to which just enough bromine is added to 
color it permanently yellow. This reaction, which was first 
proposed by Gbandeau and by J. Giro (who used bromine- 
water), and which has been confirmed by Dbagendobpf and 
others, is very delicate, and takes place very distinctly, ac- 
cording to the experiments of the latter, even with .0002 g 
of commercial digitalin. 

5. A solution of ammonium vanadate in concentrated svlU 
pTiuric ojdd (1:100) is colored by digitalin intensely dark 
brown, with a red tint, afterwards very dark brown (Ktjndbat). 

6. Freshly precipitated lead hydroxide extracts all the 
digitalin from its aqueous as well as alcoholic solutions, upon 
long shaking therewith. The filtered compound, pressed be- 
tween blotting-papers, when treated with concentrated sul- 
phuric acid, becomes flesh-colored or light fawn-colored. 
Bromine changes the color, after long standing, to emerald- 
green (Palm). 

7. In addition to the reaction mentioned in 4, special at- 
tention should be paid in chemico-legal investigations to the 
physiological action of the residue obtained, according to 3, 
by the evaporation of the chloroform extract (Dbagbndoefe if). 

§286. 

3. PlOEOTOXIN, C„H„0„. 

1. Ficrotoxin is the poisonous principle of the fruit of 
Mem^rmmei coccfdus^ L. It forms colorless needles, usually 

* D k l ph ikut shows a si m i l a r behavior, but this, upon shaking an acid 
solution with chloiofonn, does not pass into the latter, or at least not more 
than traces of it thus dissolve, 

t CuBEBiN yields a similar reaction (SchAb). Fluckiobb observed a dif- 
fering deportment in the case of Nattvbllb'b crystallized digitalin (Phar- 
mac. Centralhalle. 1878, p, d76). 

} “Beitrflge zur gerichtlichen Ohemie einzelner organischer Gifte*’ (H. 
Schmitzdorff, St. Petersburg), 1872, p. 84. In regard to further reactions for 
digitalin, compare BBOonraB, Ohem. Centralbl., 1890. 1, p. 1079; BBTunraa, 
** GerichtL-chem. Ermittelung von Glften,*’ von Dbaghini)obff, Gottingen 
1888, p. 187; Lafob, Zeitschr. f . analyt. Ohem., 26, 667. 
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grouped in star-shaped forms. It is without odor, reacts 
neutral, tastes very bitter, is a narcotic poison, fuses at 199° to 
200°, yielding empyreumatic fumes. 

2. Picrotoxin dissolves with some difficulty in cold, but 
more easily in boiling, water, and on cooling and evaporation 
crystallizes from the solution in needles. Hot alcohol dis- 
solves it with extreme facility. When cold, the concentrated 
solution solidifies to a silky mass ; while more diliite solutions 
give sUky needles when evaporated. Picrotoxin is difficultly 
soluble in ether and chloroform, but is easily soluble in amyl 
alcohol and in glacial acetic acid. Upon shaking its acid solu- 
tion with ether, chloroform, or amyl alcohol (not, however, 
with benzol or petroleum-ether), the picrotoxin goes into these 
solvents. Upon shaking its alkaline solutions, on the other 
hand, it is not taken up, or only in traces, by ether, chloro- 
form, or amyl alcohol The ethereal solution, when evapo- 
rated, leaves the picrotoxin in the form of powder or scaly 
crystals. Upon long treatment with very much benzol in the 
cold, picrotoxin splits into picrotoxinin and picrotin (E. 
SOHMTDT *). 

3. Acids do not neutralize picrotoxin, and, with the excep- 
tion of acetic acid, do not increase its solubility in water. 

4. Am7ru>nia^ potassivm hydroxidje^ and sodium hydroxide 
solutions dissolve picrotoxin freely. Acids, even carbonic 
acid, precipitate it from the concentrated solutions. Picro- 
toxin therefore possesses the character of an acid rather than 
of a base. When heated, the solutions of picrotoxin in caustic 
potash or soda acquire a yellow or yellowish-red color. 

5. If picrotoxin is brought together with cojhcentrated svJr 
phv/rio addj it dissolves with a saffron-yellow color, and, if a 
trace of potassium dichromate is now added, a violet-red color- 
ation is produced, which changes finally to apple-green 
(Kohleb). 

6. If dry commercial picrotoxin is triturated with three 
times its amount of potassiim rntrate, the mixture is moistened 
with suLphv/ric add, and then a very strong solution of sodium 
hydroxide is put upon it in excess, the mass and the resulting 

* Gompare, however, in this connection, the articles of v. Barth and 
Kbbtbqht, Zeitschr. f. analyt. Chem., 19, 860, and 21, 682, and Monatshefte 
f. Ohem., 6, 66 
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solution show a brick-red color. The color slowly disappears 
(Lajnglbt). DEAGENDOErr has modified the reaction in the 
following manner : Moisten the picrotoxin with a little con- 
centrated nitric addy warm upon the water-bath until the 
residue has become dry, moisten it with as little concentrated 
sulphuric add as possible, and then cover it with an excess of 
strong sodium hydroxide. A faint red coloration was thus 
produced with even .1 mg. 

7. If a picrotoxin solution containing some sodium or 
potassium hydroxide is mixed with a solution of jpotassiim 
cufpric tartrate (Feheing’s solution) and it is gently warmed, 
cuprous oxide separates out. 

8. A solution of ammonium vanadate in concerdrcded sulphuric 
add (1 : 100) is colored faintly brown by picrotoxin. The color 
gradually becomes darker, and, after a considerable time, 
dark green. 

9. When shaken for a long time with the aqueous as well 
as the alcoholic solution of picrotoxin, freshly precipitated 
lead hydroxide extracts the whole of it from the solution. 
The compound, filtered and pressed between blotting-papers, 
when treated with concentrated sulphuric acid, first becomes 
yellow, upon longer standing yellowish-red, and after very 
moderate heating violet-red (PiiiM). 

10. Iodine in potassium iodide, picric add, tannic add, gcUd 
cMoride, and platinic chloride do not cause precipitation in 
picrotoxin solutions.* 

D. StSTEMATIO OOTJBSB fob the DETEOnON OF THE ALKALOIDS 
TJNDBB OONBIDEEATION, AIO) OF SaLIOIN, DiGITALJE, AND 
PlOBOTOXIN. 

In the following courses of analysis, described under a and 
h, it is presupposed that one or several of the non-volatile 
alkaloids, etc., are in concentrated solution, dissolved in 
water by the agency of acids, and free from any other sub- 
stances which would obscure or modify the reactions. When 
we have become acquainted with the course to be followed 


* Id relation to the detection of picrotoxin hy means of physiological experi- 

ments, compare DRAOEimoBFF, "Bdtrftge zur gerichtl. Ohem.,** Wiendcke, 
St. Feteishurg, 1884, p. 49. 




§286.] DBIBOnOK OF A SllTOLF ALKALOID. 


713 


under these conditions, the most advisable methods to be 
used in obviating the interfering influence of coloring or 
extractive matters, etc., will be described under c, and then 
the detection of voloctUe alkaloids will be also taken into con- 
sideration. 

a. Deteotion OF the non-voiatile Alkaloids, eto., in solu- 
tions ASSUMED TO OONTAIN ONLY ONE OF THESE SUBSTANCES. 

§ 286. 

1. To a portion of the solution, add a drop of dilute sul- 
phuric acid and then some solution of iodine in potassium 
iodide or of phosphomolybdic acid. 

a. No PBEdPiTATE IS FOBMED : absence of all alkaloids ; 
possible presence of salicin, digitalin, or picrotozin. Pass 
on to 5. 

b. A PBEdPiTATE IS FOBMED. There is cause to suspect 
the presence of an alkaloid. Pass on to 2. 

2. To a portion of the aqueous solution, add dilute potas- 
sium or sodium hydroxide solution drop by drop, till the 
fluid acquires a scarcely perceptible alkaline reaction, stir, 
and allow it to stand for some time. 

a. No PBEdPiTATE IS IDBMED. If the solution was con- 
centrated, this is a positive indication of the absence of 
all alkaloids; but if the solution was somewhat dilute, 
there is a possibility that atropin may be present After 
previous evaporation, therefore, test further portions of 
the solution, if necessary, according to § 281, 6, 8, and 
9, with hydroohlorauric acid, by heating with sulphuric 
acid and by treating with concentrated nitric acid, etc., 
for ATBOPIN. 

h. A PBEdPTFATE IS FOBMED. Add potassium or sodium 
hydroxide solution drop by drop till the fluid is strongly 
alkaline, and if it does not become clear even after long 
standing, add some more water. 

a. The PBEdPiTATE DISAPPEABS : morphin, oocain, or 
atropin. Teat a fresh portion of the solution with iodic 
acid (§ 271, 13). 

aa. Separation of iodine : Uobphin. Confirm by 
§ 271, 7, 8, and 9. 
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6&. No separation of iodine: oooadt or atbopdj. 
Test for the former with potassium chromate in 
weak hydrochloric acid solution (§ 272, 9), and for 
atropin as in a. 

p. The PBEcmpiTATB dobs not disappeab : presence of 
an alkaloid of the second or third group (atropin except- 
ed). Pass on to 3. 

3. To another portion of the original solution, add two or 
three drops of dilute sulphuric acid, then a saturated solu- 
tion of sodium bicarbonate, till the acid reaction just vanishes ; 
stir actively with a glass rod, rubbing the sides of the vessel, 
and allow the fluid to stand half an hour. 

a. No PEEdPiTATB IB FOEMED ! absence of narcotin and 
cinohonin. Pass on to 4. 

b. A. PBEOIPITATE IS FOBifBD: narcotin, cinchonin, per- 
haps also quinin (since its precipitation by sodium bicar- 
bonate is entirely dependent on the amount of water 
present). To a portion of the original solution, add 
ammonia in excess, then ether containing about 2 per 
fifl Ti t f of alcohol (in not too small amount), and shake. 

a . The pbboipitatb bedissolves in the ethbb, the 

FLUID FBESENTEN6' TWO CLEAB LATEBS : narcotin or quinin. 
To (^iatingm'aTi between them, test a fresh portion of 
the original solution with chlorine-water and ammonia. 
If the solution turns green, quinin, if yellowish-red, 
NAROOTIN, is present. To confirm for narcotin apply 
the test with sulphuric acid containing nitric acid 
(§274,6). 

p. The pheoipitaxe does not bedibsolve in the etheb : 
CINOHONIN. To confirm, test the deportment on heating 
(§ 276, 3), or with potassium ferrocyanide (§ 276, 10). 

4. Put a portion of the original dry substance, or of the 
residue obtained by evaporating the original solution, in a 
watch-glass, and add concentrated sulphuric acid. 

a. A faint rose-colored solution is obtained, which 
becomes intensely red upon addition of nitric acid: 
BBUcm. Confirm by nitric acid and stannous chloride 
(§279,6). 

b. A yellow solution is obtained, which gradually turns 
yellowish-red, blood-red, and purplish-red: vebatbin. 
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c. A colorless solution is obtained, wbich remains 
colorless on standing. Add a fragment of potassium 
chromate; a deep blue coloration indicates btbzohnin, 
while no change indicates quinin. Confirm by chlorine- 
water and ammonia. 

6. To determine whether salicin, digitalin, or picrotozin 
is present, miT a portion of the original dry substance, or 
the dry residue obtained by evaporation, with concentrated 
sulphuric acid. 

a. The substance becomes colored blood-red at once, 
and slow solution takes place, with the formation of a red 
liquid : SAIIOIN. Confirm by heating a portion of the 
solution with dilute sulphuric acid or with hydrochloric 
acid (§ 283, 4). 

h. The substance dissolves with a saffron-yellow color, 
and upon the addition of a trace of potassium dichromate, 
a violet-red, and finally an apple-green, coloration results : 
MOEOTOXIN. Confirm with nitric acid and sodium hy- 
droxide solution (§ 285, 6). 

c. The sample dissolves with a reddish-brown color, 
which, upon the addition of a drop of bromine solution, 
changes into a more or less pure purple color (§ 284, 4): 
niGITAUK. 

h. DbTEOIION OE the NON-VOLATHE ALEAIiOrDS, ETC., TJNDBE 

OONSIDERA.TION IN SOLUTIONS WHICH MAX CONTAIN ALL OP 

THESE SUBSTANCES. 

§ 287. 

1. Acidify the solution with hydrochloric acid, add pure 
ether, free from alcohol, shake, separate the layer of ether, 
and allow it to evaporate in a glass dish. 

a. No BEsmuE HEMAiNS : absence of digitalin (German *) 
and picrotozin. Pass on to 2. 

h. A BBSTDOE BEMAINS : digitalin and picrotozin may be 
suspected. Eepeat the extraction of the aqueous liquid 
with ether, in order to remove as completely as possible 
whatever is soluble in that solvent in acid solution, and 

• The French product would have to be brought into solution with chloto- 
ionn, into which, however, naicotin, tf present, would also go. 
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let the ether evaporate. Proceed with the aqueous resi- 
due according to 2, and treat the residue of the ether 
solution^ which may contain traces of atropin, as follows : 
a. Dissolve a portion in alcohol, and allow the solu- 
tion to evaporate slowly. Long silky needles radiating 
from a point indicate piobotoxin. Confirm according 
to the reactions given in § 285. 

(3, Dissolve a portion in concentrated sulphuric 
acid, and add bromine solution. A more or less pure 
purple color indicates dioitalin. 

y. Traces of atbopin can be recognized most cer- 
tainly by the dilating action of the aqueous solution 
of the residue upon the pupil of the eye. 

2. To a portion of the aqueous solution add a solution of 
iodine in potassium iodide, and to another portion add some 
phosphomolybdic acid. 

а. A PBEOiPiTATE IS PBODUGED IN BOTH OASES : alkaloids 
are indicated. Pass on to 3. 

б. No PBEOIPITATE IS PBODUGED IN EITHEB CASE: the 
absence of alkaloids is indicated. Pass on to test for 
salicin according to § 283. 

3. To a small portion of the aqueous solution add solution 
of caustic potash or soda till just alkaline, observe whether a 
precipitate is produced, then add more caustic potash or soda 
solution in large excess, and, after long standing, dilute with 
some more water. 

Oh No PBEOIPITATE WAS PBODUGED BY POTASSIUM OB SO- 
DIUM HYDBOXIDE, OB A PBEOIPITATE SO PBODUGED BAS BEDIS- 
SOLVED: presence of atropin, morphin, or cocain, and 
absence of all other alkaloids. Mix a fresh portion of 
the neniralized aqueous solution with sodium bicarbonate 
in excess, stir, and allow it to stand for some time. 

at. No P BEOIP ITATE IS PBonnoED : absence of morphin. 
Mix a portion of the aqueous liquid with sodium hy- 
droxide in excess, shake the liquid, which has remained 
clear or has become clear again, with ether, and find 
whether the latter leaves a residue of atbofib upon 
evaporation (§ 281, 6, 8, 9). Shake another portion of 
the acid solution with amjl alcohol, and find if t,Vn*a 
leaves cooain upon evaporation (§ 272, 9). 



§ 387 .] 


BYSTEICATIO OOUBSS. 


717 


/?. A pbecipitatb is pboducqed : moephin. Filter it 
off, and test it further according to § 271, 7, 8, and 9. 
To test for atropin and cocain, proceed according 
to ce -with new portions of the original solution which 
has been extracted with ether. 

h. A PBECttPITATE PBODTJOED BY OAXJSTIO POTASH OB 

SODA, WHICH WOITLD NOT DISSOLVE IN EXCESS OP THE PBECIP- 
ITANT, EVEN APTEB STANDING FOE SOME TIME, AND BY MODBB- 
ATE DHitinON. Treat the larger part of the acidified aque- 
ous fluid like the small portion above, and filter. 
Proceed with the precipitate according to 4. Shake the 
ftlTralinfl filtrate with ether, allow it to stand for an hour 
(so that the morphin which has at first dissolved in the 
ether may separate again as completely as possible), and 
separate the ether from the aqueous solution. Allow the 
ether to evaporate, and test the residue for ateopin ac- 
cording to § 281, 6, 8, 9. Separate any mobphdi from the 
aqueous layer by carbonic acid (§ 271, 4), and test it fur- 
ther according to § 271, 7, 8, and 9. Test a new portion 
of the original acid solution for oooain by shaking with 
amyl alcohol (see a, oi). 

4. Wash the precipitate filtered off in 3, 5, with cold water, 
dissolve it in a slight excess of dilute sulphuric acid, add 
solution of sodium bicarbonate till the fluid is neutral, stir 
actively, rubbing the sides of the vessel, and allow to stand 
for an hour. 

а. No pbecipitatb is poemed : absence of narcotin and 
cinchonin. Boil the solution nearly to dryness, and take 
up the residue with cold water. If nothing insoluble re- 
mains, pass on to 6 ; but if a residue does remain, exam- 
ine it by 5 for quinin (of which a small amount may be 
present), strychnin, brucin, and veratrin. 

б. A PEEdPiTATE is POEMED. (This may contain nar- 
cotin, cinchonin, and quinin, compare § 286, 3, 6). Filter, 
proceeding with the filtrate according to a, and with the 
precipitate as follows: Wash it with cold water, dissolve 
in a little hydrochloric acid, add ammonia in excess, and 
then a not too small quantity of ether containing about 2 
per cent of alcohol. 

a. The pbecipitatb was completely dissolved in 
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THE ETHEB, AlH) TWO OLEAB LAYERS OF FLUID ARE FORMED : 
absence of cinchonin, presence of quinin or narcotin. 
!Ejvaporate the ethereal solution, take up the residue 
with a little hydrochloric acid, add water till the 
dilution is at least 1 : 200, then sodium bicarbonate 
till neutral, and allow to stand for some time. A 
precipitate indicates nabcotin. Confirm by chlorine- 
water and ammonia, also by sulphuric acid containing 
nitric acid (§ 274). Evaporate to dryness the clear 
fluid or the filtrate from the narcotin, and treat 
with water. If a residue remains, wash it, dissolve 
in hydrochloric acid, and add chlorine-water and 
ammonia. A green coloration indicates quinin. 
yS. The pbeoipitate has not dissolved in the 

ETHER, OR NOT COMPLETELY: CINOHONIN, and perhaps 
also quinin or narcotin. Filter, and test the filtrate 
as in a for quinin and narcotin. The precipitate 
consists of cinchonin, and may be further tested ac- 
cording to § 276, 3 and 10. 

5. With the residue insoluble in water and washed with 
that liquid, which was obtained in 4, a, by evaporating the 
liquid treated with sodium bicarbonate, proceed in the follow- 
ing manner, in order to examine it for quinin (of which small 
amounts might be present), strychnin, brucin, and veratrin. 
Dry it on the water-bath, and digest it with absolute alcohol, 
a. It dissolves oompleiely : absence of strychnin, 
presence of (quinin) brucin or veratrin. For further ex- 
amination, evaporate the alcoholic solution on the water- 
bath to dryness, and, if quinin has already been detected, 
divide the residue into two portions, and test one part for 
BRUCIN, with nitric acid and stannous chloride (§ 279, 6), 
the other for veratrin, by means of concentrated sul- 
phuric acid (§ 280, 6), but if no quinin has as yet been 
detected, divide the residue into three portions, a, &, o ; 
examine a and b for rrucin and veratrin in the manner 
just stated, and c for quinin, with chlorine-water and am- 
monia. However, if brucin was present, it would be 
necessary to treat c with absolute ether, to evaporate the 
ethereal liquid thus obtained, and test the residue for 
quinin. 
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6. It does not dissolye, oe at ieast not completely : 
presence of stbychnin, perhaps also of (quinin) brncin 
and veratrin. Filter, and examine the filtrate for (quinin) 
brucin and veratrin, as directed in a. The identity of the 
precipitate with strychnin is demonstrated by the reaction 
with sulphuric acid and potassium chromate (§ 278, 8). 

6. It is still necessary to test for salicin. For this pur- 
pose, add more hydrochloric acid to the rest of the acidified 
solution which has been exhausted with ether, and boil for 
some time. If a precipitate is formed, the presence of sale- 
oiN is indicated. Confirm by adding potassium chromate to 
the fluid containing the precipitate, and boiling (§ 283, 4) ; 
also by testing the original substance with concentrated sul- 
phuric acid (§ 283, 3). 

c. Detection op the Alkaloids and op Digitalin and Pioeo- 

TOXIN IN PEESENCE OP VEGETABLE OE ANIMAL EXTBACTTVE AND 

COLOBING MATTEES. 

The presence of mucilaginous, extractive, and coloring 
matters renders the detection of the alkaloids a task of much 
greater difficulty than is the case under the previously as- 
sumed conditions. These matters obscure the reactions so 
much that we are even unable to determine by a preliminary 
experiment whether the substance under examination contains 
alkaloids or not. Several methods will now be given by means 
of which the separation of the alkaloids from such extraneous 
matters may be effected, and their detection made practicable. 
Which of these methods should be selected, will, depend upon 
the circumstances of the case. Above all, attention should 
be called to the fact that only the alkaloids, etc., treated 
of in this book are taken into consideration in the methods 
to be described. The section, therefore, serves very well as 
an introduction for practice in investigations of this kind, but 
it is insufficient for actual chemico-legal investigations, both 
for the reason just stated, as well as because I have been un- 
able to take the ptomaens (alkaloids of putrefaction) into ac- 
count, owing to the limited scope of the book. But these 
ptomains must be always taken into consideration in the in- 
vestigation of parts of dead bodies, and of animal substances 
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in general, in order that they may not be confused with the 
yegetable alkaloids, as has often happened. This may occur 
easily, if the analyst allows himself to be misled into con- 
eluding that some vegetable alkaloid is present on the strength 
of single reactions, for there are ptomains of many different 
kinds, and especially some which show a marked similarity 
to certain vegetable alkaloids as far as single reactions are 
concerned. For actual chemico-legal investigations, therefore, 
works must be used which, on the one hand, take into con- 
sideration all, or almost all, of the alkaloids, etc., or which, 
at least, treat the poisonous ones in a comprehensive man- 
ner, and which, on the other hand, consider the ptomains.* 

1. Stas’s Method f fob the detection op poisonous Alka- 
loids (and of DIGITALIN and PiOROTOXIN), MODIFIBD BT J . AND R. 

Otto.J 


§ 288 . 

Stas’s process depends upon the following facts : 

a. The acid salts of the alkaloids are soluble in water 
and alcohol. 

/?. The normal and acid salts of the alkaloids are gen- 
erally insoluble in ether. Hence, salts of the alkaloids 


* See especially the following ; Fe. Jttl Otto's “ Anleitung zur Aus- 
mittelung der Gifte,” 6te Aufl., von Rob, Otto, Braunschweig (Fr. Vieweg 
Tind Sohn), 1884 (considere also the ptomains comprehensively); Dbaobn- 
DOBFF, '*Beitr4ge zur gerichtlichen Chemie einzeluer organlscher Gifte," St. 
Peterahurg (Schmitzdorff), 1872; Dbagbndobff, ‘*Beitrage zur gerichtlichen 
Ohemie," St Petersburg (Wienecke), 1884 ; Dbaoendorff, Gerichtlich- 
chemlsche Ermlttelung von Giften,” 8te Aufl., Gottingen (Yandenboeck und 
Rupi'echt), 1888 ; SoNurmeoBEar, Handbuch der gerichtlichen Chemie," 2te 
Aufl. hearbeitet von CiiABSBN, Berlin (Hirschwald), 1881. In addition, a very 
great number of treatises deal particularly with ptomains, in regard to which 
I refer to my ‘'Zeltschnft ftlr analytische Chemie,*’ as well as to the articles of 
BEOEtraTS, Ohem. Centralhl , 1886, p. 894 ; Jebbbisgh, tMd., 1889, II, 
p. 617 ; and Giotto and Sfioa, idid,, 1890, II. p. 978 

t Bull, de I'Acad^mle de H^decine de la Belgique, 9, 804; Jahrb. f. prakt 
Pharm., 24, 813 ; Jahresb. von Liebig u. Koff, 1851, 640. 

f Anna], d. Ohem. u. Pharm., 100, 44 ; Fr. Jul. Otto’s “ Anleitung zur 
Ausmlttelung der Glfte,** 6te Aufl , von Bob. Otto, p. 105 et seq, Cocaln is 
not taken into consideration in this process. In regard to a modification of it, 
relating to the detection of cocain, compare Mttbbi, Zeitschr. f. analyt Ohem., 
28 , 884 . 
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do not usually pass into ethereal solution when the neu- 
tral or acid solution is shaken in ether, and hence also 
the alkaloids pass into aqueous solution as acid sulphates 
when the ethereal solution of the pore alkaloid is shaken 
with dilute sulphuric acid. 

y. If aqueous solutions containing the normal or acid 
salts of alkaloids are mixed with caustic, carbonated, or 
bicarbonated alkalies, the alkaloids are liberated, and if 
ether or amyl alcohol is now added, and the mixture 
is shaken, the pure alkaloids pass into solution in the 
solvent. 

It will be evident from what follows that there are certain 
exceptions to these general rules : 

a. If alkaloids are to be looked for in the contents of 
a stomach or intestines, in food, or generally in pappy 
matters, mix the substance with twice its weight of strong 
pure alcohol,* and just enough tartaric acid to give a de- 
cided reaction (the addition of more than this is to be 
avoided), and warm to 70° or 76° with the use of a return- 
condenser. Allow the mixture to cool thoroughly, filter, 
and wash with strong, pure alcohol. 

If the heart, liver, lungs, or similar organs are to be 
dealt with, cut them up fine, moisten with the acidified 
alcohol, squeeze, repeat the operation till the substance 
is exhausted, and filter the mixed fluids. 

h. Evaporate the alcoholic fluids at a rather low tem- 
perature. This may be done in a porcelain dish on a water- 
bath, keeping the water not warmer than 80°. The tem- 
perature of the solution under these circumstances will not 
rise higher than 40° or 50°. If this temperature is con- 
sidered too high, hasten the evaporation by blowing air 
across the surface of the solution. Stab considers that 
the temperature should not exceed 85° ; and he therefore 
evaporates under a bell-glass over sulphuric acid, with 
or without the aid of an air-pump, or in a retort with 
a current of air passing through it. Such extreme cau- 
tion, however, is very rarely necessary ; at all events, the 


* This is to be rectified with the addition of some tartaric add, in order to 
free it from alkaloidal substances (B. Otto). 
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principal part of the fluid may be always evaporated off 
on a gently heated water-bath. 

If insoluble substances separate on evaporation (fat, 
etc.), as is usually the case, filter the now aqueous 
fluid through a moistened filter, and evaporate the filtrate 
and washings, as described above, to the consistence of an 
extract. If no insoluble substances separate on evaporat- 
ing the alcohoHc fluid, it may be, of course, at once evapo- 
rated to the consistence of an extract. 

c. In order to make complete extraction possible, 
to the residue left on evaporation add gradually small 
portions of cold absolute alcohol, mix intimately, and 
finally add a larger quantii^ of alcohol, in order to 
separate everything that can be precipitated by it. fil- 
ter the alcoholic extract through a filter moistened with 
alcohol, wash the residue with cold alcohol, evaporate the 
alcoholic solution at a low temperature (see above), take 
up the residue with a little water, neutralize the greater 
part of the free acid with dilute caustic soda, leaving the 
solution faintly but distinctly add, and shake with pure 
ether, free from alcohol, fusel-oil, etc. (§ 23). By the aid 
of a separatmg-funnel, or a burette with a glass stop- 
cock, separate the ether from the aqueous layer, and re- 
peat the extraction of the acid aqueous solution with 
ether until the last ether extracts are no longer colored. 
Of the alkaloids, etc., taken into consideration here, the 
ether takes up, besides coloring matters, picrotoxin and 
digitalin (German, compare the foot-note on p. 716), 
and also traces of veratrin and atropin. It is advisable 
to keep the first, strongly colored ethereal extract apart 
from the subsequent ethereal washings, so that they may 
be examined separately (compare A). 

d. Gently warm the aqueous, acid solution which has 
been separated from ether, to remove the dissolved ether, 
and add solution of caustic soda cautiously, till the fluid 
gives a distinct reaction with turmeric-paper. The alka- 
loids are thus liberated, morphin* dissolving in the 

* Ooncerolng the various reactions of morphin, oicydimorphin, apomor* 
phia, and codein, compare M. Zeitschr. f. analyt. Ohem., 24, 643, 

and Donath, Hebbb, and Polstobtf, ilyid, , 26, 748. 
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excess of sodium hydroxide. Shake the fluid with pure 
ether, and after an hour separate the two layers of fluid, 
as in c. The ethereal extract contains the whole of the 
alkaloids, except morphin, only a small part of which dis- 
solves in it. The amount of morphin dissolved by the 
ether is the smaller the more completely the acidified 
aqueous solution was freed from dissolved ether, and the 
longer the time which was allowed to elapse between the 
shaking with ether and the separation of the two layers 
of fluid. Allow a portion of the ethereal extract to evapo- 
rate in a large watch-glass, which should be placed upon 
a support heated to about 26° or 30° (to prevent con- 
densation of water). If no residue remains, no alkaloid 
was dissolved in the ether. Pass on to gf. If a residue 
does remain, its appearance will give some idea of 
the nature of the alkaloid. Thus, oily streaks, which 
gradually collect to a drop, and when gently warmed 
give an unpleasant, suffocating odor, would indicate a 
fluid, volatile base ; while again, a solid residue, or a tur- 
bid fluid containing solid particles in suspension, would 
indicate a non-volatile solid base. If the ethereal extract 
has left a residue, repeat the treatment of the aqueous 
fluid with larger amounts of ether, until a portion of the 
last ethereal washings leaves no residue on evaporation. 
Allow the mixed ethereal extracts to evaporate in a 
small glass dish placed upon a bath containing water at 
about 30°, keeping the little dish filled up by the addi- 
tion of fresh quantities. 

The aqueous fluid which contains any morphin pres- 
ent is to be examined according to gf. 

e. If the acidified aqueous fluid in c has been well ex- 
hausted with ether, the alkaloids will remain in so pure 
a state on the evaporation of the ethereal extract that 
the tests may be applied at once to the residue. If the 
residue consists of oily streaks or drops, complete the 
evaporation in a vacuum over sulphuric acid, in order 
to remove the remainder of the ether and ammonia, and 
then test for coniin and nicotin, according to § 270. If the 
residue is crystalline, examine it* at first under the micro- 
scope, and then test it according to § 286 or § 287, unless 
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the appearance of the crystals should indicate a particu- 
lar alkaloid. If the residue consists of amorphous rings, 
dissolve it in absolute alcohol with the aid of a gentle 
heat, allow the solution to evaporate slowly, observe 
whether any crystals are thus formed, and then proceed 
as directed. 

/. If, on the contrary, the acidified aqueous fluid in c 
has been insufficiently treated with ether, the residue 
obtained on the evaporation of the ethereal extract will 
not be pure enough to be tested at once* In this case 
dissolve in water slightly acidified with sulphuric acid, 
filter, if necessary, and shake repeatedly with ether (the 
ethereal solution may contain the remainder of the picro- 
toxln and digitalin, and is to be treated like the ethereal 
solution in c), mix the aqueous solution, after it has been 
freed from dissolved ether by gentle warming, with 
caustic potash or soda solution in decided excess, and 
shake repeatedly with ether, using the precautions men- 
tioned in d, untU the last extract leaves no residue upon 
evaporation. Allow the ethereal extracts to evaporate, 
as prescribed in d, and proceed with the now pure alka- 
loid residue according to e^, and mix the alkaline, aque- 
ous fluid, which may contain the remainder of the mor- 
phin, with that obtained in d. 

g. The alkaline, aqueous liquid obtained in d, or in d 
and /, which must contain the whole or the greater part 
of the morphin, is treated as follows: First free it by 
gentle heating from the ether dissolved in it, add hydro- 
chloric acid to acid reaction, then ammonia in excess. 


* As It appears that strychnin cannot always he obtained pure in this way, 
Fb. Ja2786EI?s recommends (Zeitschr. f. analyt Chem., 4, 48) mixing the solu- 
tion in dilute tartaric add, containing the foreign substances, with sufficient 
finely powdered sodium bicarbonate, with stirring, so that the fluid may be 
acidified with free carbonic acid only. If any predpltate is formed, this 
should be filtered off as quickly as possible. The strychuin is dissolved in the 
free carbonic add, and will be predpitated by boiling the filtrate and partially 
OTaporating it. T^en it has been filtered off and washed, it is dissolved in a 
small quantity of dilute sulphuric acid (1 . SOO), potassium carbonate is added 
in excess, and the fluid is shaken with six times its volume of ether, which is 
then ponied off and allowed to evaporate. Chloroform is to be preferred to 
ether for extracting the alkaline solution. 
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and without delay pure amyl alcohol,* and shake. t As 
morphin is decidedly more readily soluble in warm amyj 
alcohol than in cold, it is adrisable to dip the flask into 
warm water. Separate the two fluids by means of a 
funnel, and repeat the extraction of the ammoniacal 
liquid with fresh quantities of amyl alcohol. Allow the 
united amylic extracts to evaporate, after freeing them 
from water completely by allowing them to settle and 
Altering, and test the residue, if any remains, for morphin. 
If the residue is not pure enough, dissolve it in water 
acidiAed with sulphuric acid. Alter, shake with warm 
amyl alcohol, mix the aqueous fluid with ammonia, and 
shake the alkaline solution with amyl alcohol. On evapo- 
rating this amylic extract, after freeing it from water, the 
morphin will remain pure, and is to be tested further 
according to § 271. In order to purify morphin, Scheebe 
prefers, after shaking the sulphuric acid solution of it 
with amyl alcohol, to add to the former a layer of a mixture 
of 10 parts of anhydrous ether and 1 part of 95 per cent 
alcohol, then to add ammonia, and extract by shaking. 
Upon evaporating the ether-alcohol, morphin remains 
behind. 

h. The ethereal extracts obtained in c, or in o and /, 
have now to be tested for picrotoxin and digitalin. The 
extracts also contain coloring matters, etc., which are prin- 
cipally present in the Arst portions. It is therefore advis- 
able,following Otto’s advice, to evaporate the Arst, strongly 
colored portions apart from the subsequent portions, and 
to examine the residues separately. Moisten them with 
glacial acetic acid, warm with water, and Alter the solu- 
tions from the insoluble matter, which generally has a 
resinous character. Then extract any pigbotoxin and 
DXGITALIN that may be present iii the acid solutions by 
shaking with chloroform. Any traces' of atbopin, which 

* In regard to the necessary purification of the amyl alcohol to he xused, 
compare Hattingeb, also W. Lenz, Zeltschr. f. analyt. Ohem., 22, 687, 
t Stab recommended ether alone for the extraction of alkaloids, while 
L. Y. UsLAB and J. Ebdmaitet (Annal. d. Ohem. u. Pharm.. 120, 121, and 
122, 860) prefer the use of amyl alcohol only. However, It la generally best 
to employ both solvents in succession, as directed In the text 
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might be present here (compare § 287, 1), are finally 
obtained by adding an excess of ammonia to the acid, 
acj^ueons licjuid "which has been separated from the 
chloroform, and shaking out "with benzol. Upon careful 
evaporation of the chloroform and the benzol extracts, 
the substances contained in them remain behind^ and are 
to be examined further. 

2. Dea.gbndobpf’s Method.* 

§ 289. 

The method elaborated by Dbagendoeep, and gradually 
made more and more perfect by him, embraces a very large 
series of alkaloids and also takes many other organic sub- 
stances into consideration. This is given here in its outlines, 
and applied to the alkaloids, etc., which are here taken into 
consideration. It should be stated that care must be taken 
to carry out the separation of the liquids used for extraction 
in such a manner that they may be free from all water, when 
evaporated, it being most advantageous to separate them by 
means of a burette provided with a glass stop-cock. It should 
be added that the evaporations are to be effected at a rela- 
tively low temperature. If a solvent leaves a residue upon 
evaporation, the extraction is then to be repeated until the 
last extract no longer leaves a residue worth mentioning. 
The method includes the following operations : 

a. Extraction with water at 40 or 60®, after the addi- 
tion of dilute sulphuric acid to distinct acid reaction. 

b. Ooncentraiion of the aqueous extract to the consist- 
ence of syrup, t maceration of the residue with three or four 
volumes of alcohol for 24 hours at 30°, cooling and filter- 
ing, and washing with alcohol of 70 per cent by volume. 

c. Eemoval of the alcohol by distillation, filtration of 


* "Dlegericlitlicli-cliemischeErmittelung von Glften,"8te Aufl., GStting- 
en (Yandenhoeck und Buprecht), 1888, p. 187 et seg. 

t If the presence of decomposable alkaloids, like morphin, cocain, etc., is 
suspected, it is better to omit the evaporation of the acid extract, and to mix 
this at once with four or five volumes of alcohol, in order to carry on the oper- 
ation from this point according to b. 
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the entirely oooled residue from the distillation after di- 
luting it with some water^ if necessary. 

d Extraction of the acid, aqueous solution by shaking 
with freshly rectified petroleum-ether. (None of the 
alkaloids, etc., considered here go into this extract.) 

e. Extraction of the acid, aqueous solution, by shaking 
with benzol. Digitalin (in the narrower sense), and also 
traces of veratrin, go into solution in benzol. 

/. Extraction of the acid, aqueous solution, by shaking 
with chloroform. By this are dissolved — cinohonin,* 
picrotoxin, digitalein, and also traces of narcotin, brucin, 
and veratrin. 

g. Extraction of the acid, aqueous solution (separated 
from chloroform), by shaking with petroleum-ether, in or- 
der to remove the remainder of the chloroform. 

K Supersaturation of the aqueous solution with am- 
monia, extraction of the ammoniacal liquid by shaking 
with petroleum-ether in the cold, and separating this 
liquid after long standing. Under these circumstances, 
coniin and nicotin, as well as small amounts of strych- 
nin, brucin, veratrin, and quinin, and also a part of the 
cocain, go into the petroleum-ether. 

i. Extraction of the ammoniacal, aqueous solution 
with benzol, (If the layer of benzol appears gelatinous, 
separate the jelly as far as possible from the water, place 
it upon a dry filter, cover the funnel with a plate of glass, 
and, after a few hours, press the jelly with a glass rod. 
Clear, liquid benzol is then separated.) Strychnin, bru- 
cin, quinin, cinchonin, atropin, veratrin, narcotin, and the 
rest of the cocain pass into the benzoL 

jk. Extraction of the ammoniacal, aqueous solution, by 
shaking with chloroform. The remainder of the cinoho- 
Tiin and a minute amount of morphin are thus extracted. 

h Extraction of the ammoniacal, aqueous solution 
with amyl alcohol. Morphin and salicin are obtained in 
solution. 

m. Evaporation of the ammoniacal, aqueous solution 
with the addition of powdered glass; extraction of the 


* According to my own experiments, no cinchonin is dissolved. 
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dry residue with chloroform. This operation is not 
necessary for the bodies that are here taken into oonsid- 
eratioD, because none of them are left. 


It is easy to see that the methods described in §§ 288 and 
289 may be modified in yarious ways, and that they may be 
greatly simplified when the object in view is exactly defined, 
when it is required to detect morphin in urine, or to dis- 
cover strychnin in a sample of food. Such modifications, 
therefore, have been recommended in large numbers, but, in 
regard to them, I must refer to my Zeitschrift fiir ana- 
lytische Chemie,*’* and I will add here only a few methods 
which depend upon entirely different principles. 


3. Soknensoheun’s METHon.f 

§ 290. 

Extract the substance with water which has been strongly 
acidified with hydrochloric acid, evaporate the extract at 30® 
to the consistence of a thin syrup, dilute with water, allow 
the mixture to cool for a long time, filter, and add phospho- 
molybdic acid to the filtrate. After allowing it to settle for a 
considerable time, filter the precipitate containing all the alka- 
loids (but not digitalin, picrotoxin, and salicin), wash it with 

*Ck)mpare also Ctjbhmait, Chem. Centralbl., 1894, II, p, 461 (deals with 
the detection of Btiychnln in parts of dead bodies) ; Wobmlet, idid,, 1890, 
n, p. 565 (concerning the detection of morphin In urine) ; Sbstini and Cam- 
TAm, iM,, 1893, 1, p. 184 (concerning the detection of qulnin in urine) ; Lm- 
DBMANisr and Motteu, Pharmac. Centralhalle, 1898, p. 634 (concerning the de- 
tection of strychnin in beer, milk, etc., of morphin in beer and urine, and of 
quinln in beer). A few other more recent treatises should also be referred to 
here, which relate closely to the subject imder consideration : Alt, Pharmac. 
Centralhalle, 1889, p. 484 (concerning the question as to the parts of the body 
in which in jected morphin is present) ; Lahal, ibid., 1889, p. 316 (concerning 
the conversion of morphin into oxymorpbin in the organism) ; Noves, Chem. 
Centralbl., 1894> I, p. 699, and Ipseit, Pharmac. Centralhalle, 1894. p. 418 
(concerning the power of resistance of strychnin to putrefaction) ; SoNNifi 
Moeet, Chem. Centralbl., 1898, I, p. 859, and Glasbxap, ibid., 1894, II, 
p. 220 (concerning the changes which cocain undergoes in the organism). 

t SoiraBWSoHBiH, “Handbuch der gerichtlichen Chemle/' 3te Aufl., bear- 
beltet von Clabsek, Berlin (Hirschwald), 1881, p. 813. 
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water to which some phosphomoljbdic acid and nitric acid 
have been added, and rinse it into a flask. After adding 
barium hydroxide to alkaline reaction, connect the flask with 
a condenser, and a receiver containing some hydrochloric acid 
and connected with a P^iligot’s tube, and heat to boiling for a 
considerable time. Ammonia and volatile bases escape, and 
unite with the hydrochloric acid in the receiver. Precipitate 
the excess of barium hydroxide in the residue from the distil- 
lation, by means of carbonic acid, evaporate to dryness, treat 
with strong alcohol, filter, and allow the filtrate to evaporate. If 
the alkaloids remaining behind are not yet pure enough, they 
are to be purified by one of the methods given in §§ 288 or 289. 
If glue is present, which is also precipitated by phospho- 
molybdic acid, a suitable means of purification would be to 
dissolve the impure alkaloid in water with the addition of 
some' hydrochloric acid, and to carry out a separation by 
dialysis, according to method 4. 

4. Separation by Dialysis. 

§ 291. 

The dialjtio mejihod devised by Graham, and described in 
§ 8, may also be advantageously employed to effect the sepa- 
ration of alkaloids from the contents of the .stomach, intes- 
tines, etc. Acidify with hydrochloric acid, and place the 
matter in the dialyzer. The alkaloids, being crystalloids, 
penetrate the membrane, and are found, for the greater part, 
after 24 hours, in the outer fluid ; from this they may, then, 
according to circumstances, either be thrown down at once, 
after concentration by evaporation, or they may be further 
purified by one of the methods described above. 

6. Method used by Graham and A. W. Hoemann* tor db- 
TBOTiNa Strychnin in Beer. 

§ 292. 

This method, which is based on the known fact, that a solu- 
tion of a salt of strychnin, when mixed and shaken with 


* Annal. d. Ohem. u. Pharm., S3, 89. 
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animal charcoal, yields its strychnin to the charcoal, will un- 
donbtedly be found applicable also for the detection of other 
alkaloids. The process is conducted as follows : 

Shake the aqueous, neutral, or slightly acid liquid with ani- 
mal charcoal (Graham and Hoimann used 30 g to the liter), let 
the mixture stand for from 12 to 24 hours, with occasional 
shaking, filter, wash the charcoal twice with water, then boil 
for half an hour with alcohol of 80 or 90 per cent, using 
about four times as much as the quantity of charcoal taken, 
and avoiding, by an appropriate arrangement, loss of alcohol 
by evaporation. Filter the alcohol hot from the charcoal, 
and distil the filtrate ; add a few drops of solution of caustic 
potash to the residual, watery fluid, shake with ether (or bet- 
ter still with chloroform), and separate the solvent from the 
aqueous liquid. Upon spontaneous evaporation, this leaves 
the strychnin in a state of sufficient purity to admit of its 
further examinatiou by reagents (see § 278). 

Macadam * employed the same method in his numerous 
experiments to detect strychnin in the bodies of dead animals. 
He treated the comminuted matters with a dilute aqueous 
solution of oxalic acid in the cold, filtered through muslin, 
washed with water, heated to boiling, filtered still warm from 
the coagulated albuminous matters, shook with charcoal, and 
proceeded in the manner just described. According to his 
statements, the residue left by the evaporation of the alco« 
holic solution was generally at once fit to be tested for strych- 
nin. Where it was not so, he treated the residue again with 
solution of oxalic acid, and repeated the process with animal 
charcoaLf 


*Pharm Joum. Trans., XVI, 180, 160, LiBBifl and Kopp, Jahiesbeiloht, 
1856, p. 799. 

+ In regard to other methods of procedure differing essentially from those 
given above, compare Chabdelon, Zeltschr. f. analyt. Cbem., 24, 486; 
XoBBBT. iJia., 30, 765 ; KireTBR and HmeiiE, Ohem. Oentralbl., 1888, 11, 
p. 717; Hmemt and Jabbeb, OM,, 1894, 1, pp. 114 and 883. 
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‘When the student has made himself familiar with the de- 
portment of bodies to reagents, and has learned by practice 
how the metals and acids belonging to different groups, and 
also the members of one and the same group, may be sepa- 
rated from one another and recognized by the aid of regeants, 
he proceeds to make actual investigations, in order to learn 
qualitative chemical analysis. In analyzing for the sake of 
practice, it is not a matter of indifference whether the student 
follows no rule or order whatever in the selection of the 
substances which he intends to analyze, or whether, on the 
contrary, his investigations and experiments proceed sys- 
tematically. Many ways, indeed, may lead to the desired end, 
but one of them will invariably prove the shortest. I will, 
therefore, here point out a course which experience has shown 
to lead safely and speedily to the attainment of the object in 
view. 

When analyzing for the sake of practice only, the student 
must above all things possess the means of verifying the re- 
sults obtained by his experiments, for it is only in this way 
that confidence is established in the certainty of the opera- 
tion, and a positive reliance, a necessary self-confidence, is 
awakened. It is only from such a course that he becomes 
convinced that the end is attained only by a regular and well- 
planned process. The substances to be examined should, 
therefore, be mixed by another person who knows their exact 
composition. If there is no opportunity for doing this, it is bet- 
ter that the student should mix them for himself, and then 
detect the constituents exactly as if he did not know them, 

781 
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rather than that lie should choose entirely unknown substances 
for examination. If a beginner is given a substance to analyze, 
the constitutents of which are not exactly known, there is no 
doubt that he wUl find something, but he will gam little con- 
fidence in the method or in his own ability if his instructor is 
obliged to answer him, “ It is quite possible/’ or “ It may be 
so,” and is unable to say ‘‘Yes” or “No.” 

According to his individuality and his previous preparation, 
one student will be obliged to make a large number of inves- 
tigations, while another will require a smaller number, before 
he understands the subject. The following plan of one hun- 
dred examples is given, because I am convinced that such a 
number of appropriately chosen analyses is sufficient, on the 
average, for learning the process thoroughly. 

A. From 1 to 20. 

Aqueous solutions of simple salts, sodium sulphate, 
calcium nitrate, cupric chloride, etc. These investigations 
will serve to teach the student the method of analyzing sub- 
stances soluble in water, which contain but one metal. In 
these examples, it is only intended to ascertain what metal is 
present in the fluid under examination \ and neither the 
detection of the acid nor the proof of the absence of all other 
metals besides the one detected is required. 

B. From 21 to 60. 

Salts, eto., containing oi^ metal and one aoib, etc., in the 
SOLED STATE (in form of powder), e.y., barium carbonate, 
sodium borate, calcium phosphate, arsenious oxide, sodium 
chloride, hydrogen potassium tartrate, cupric acetate, barium 
sulphate, lead chloride, etc. Gihese analyses will serve to 
teach the student how to make a preliminary examination of 
a solid substance by heating in a tube and before the blow- 
pipe ; how to convert it into a proper form for analysis, 
1 . 6 ., how to dissolve or decompose it ; how to detect one metal, 
even in substances insoluble in water ; and how to demonstrate 
the presence of one acid. The detection of both the metal 
and the acid is required, but it is not necessary to prove that 
no other bodies are present. These examples induce more 
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acute obBervation, and give occasion for deeper reasoning, 
because the obserratious made in the preliminary testing, the 
behavior of the substance towards solvents, and the knowledge 
of the metal present, lead to the consideration of the acids 
for which it is necessary to test. 

C. From 61 to 65. 

AQUEOtrs OB Aom solxttions of several metals. These in- 
vestigations will serve to teach the student the method of 
separating and distinguishing several metals from each other. 
The proof is required that no other metals are present besides 
those detected. No regard is paid to the acids. 

D. From 66 to 80. 

Dbi miztubes of every desobiftion. a portion of the 
salts should be organic, another inorganic ; a portion of the 
compounds, soluble in water or hydrochloric acid, another 
insoluble, e.g., mixtures of sodium chloride, calcium carbon- 
ate, and cupric oxide, — of magnesium ammonium phosphate, 
and arsenious oxide,— of calcium tartrate, calcium oxalate, 
and barium sulphate, — of sodium phosphate, ammonium 
nitrate, and potassium acetate, etc. 

These investigations will serve to teach the student the 
preliminary examination of complex substances ; how to treat 
mixtures of different substances with solvents ; how to detect 
several adds in presence of each other; how to detect the 
metals in presence of phosphates, oxalates, etc., of the alkali- 
earth metals ; and they will also serve as a general introduction 
to scientific and practical analysis. All the component parts 
must be detected, and the nature of the substance ascertained. 

E. From 81 to 100. 

Nattve oomfoueds, abtioles of oohmeboe, eto. Mineral 
and other waters, minerals of every description, soils, ashes 
of plants, potash, soda, alloys, colors, eto. 
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The manner in which the resnlts of analytical investiga- 
tions, made for practice, ought to be recorded is not a matter 
of indifference, and although any way of recording may 
answer the purpose, some methods are better adapted than 
others for rapidly impressing the subject upon the mind, and 
inducing, quickly but thoroughly, a comprehension of the 
whole field. 

The following examples will serve to illustrate the method 
which I have found the most suitable and convenient in this 
respect : 

Flan of BsooHDiNa the Bestjltb of Exfebiments, Nos. 1-20. 

* Colorless fluid of neutral reaction. 


HOI, 

no predpitaJte^ 
^consequently no 

H.S, 

no jpredj^ate, 
no Fb 
“ Hg" 

“ Ou 
“ Bi 
» Od 

(NHp.8, 
no jpreovpitate, 
no Pe" 

** Mil 
“ Ni 
« Co 
“ Zn 

(NKVOO. 
and NH^Ol, 
a whiie preaipitate, 
conse^ently ei- 
ther Ba, Sr, or 
Oa. No precipi- 
tate W solution 
of OaBO^, conse- 
quently OALOniU. 


« As 
" Sb 
“ Sn 
“ Au 
« Pt 

“ A1 
“ Cr 


“ Fe'" 




784 



BJCOOBD or THE ANALYSES. 


735 


Plan of Becobdieg tbe Besults of Eefekqceefs, Nos. 21-50. 

White powder, fusing in the water of crystallization upon 
application of heat, then remaining unaltered. Glows 
when heated before the blowpipe upon charcoal. The 
NaPO, bead is not colored by it, and remains clear upon 
cooling. Soluble in water. Beaction neutral. 


HOI, H,S, 
noppt. nojppt. 


(NHJ.S, 
no ppt. 


. lAOO. 
and NH^Ol, 
no ppt. 


HNaNH^POi and 
NH,OH, 

a white, crystaUine 
ppt. 

consequently 

UAGNESIUM. 


The detected metal being Mg, and the analyzed substance 
being soluble in water, the acid radical can oidy be Cl, I, Br, 
SO4, NO,, etc. The preliminary examination has proved the 
absence of the organic acids and of nitric acid. 

BaCl, produces a white precipitate, which HOI fails to 
dissolve ; consequently siilfhubic acid. 



JPtiAN OF EECOBOINa THE JtlESULTS OP EXPERIMENTS, NOS. 61-100. 

white powder, whioh on heating in a glass tube acquires a permanent yellow tint, gives no sublimate, emits no visible 
fames nor any vapors having an acid or alkaline reaction. Before the blowpipe, a m^Ieable metallic globule, and yellow 
inorustation, with white border upon cooling. Insoluble in water, effervesces with HOI, incompletely soluble in that acid, 
readily soluble in HNOt to a colorless fluid. 
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HtBOa might be present in trifling quantity; the examination for it gave a negative result. 

ON might be present as zinc cyanide, and 01, I, Br in the form of basic lead compounds. However, AgNOs produced no 
ppt in the nitric acid solution; accordingly, they cannot be present. 

The substance contains, therefore, \ lead, zing, strontium. 

OUUBMUUQ WUWMUB, UUOiOi-UlC, ^ OARBONIC ACID. 



APPENDIX IV. 

Table of Solubilities. 

kihowing the (Haases to which the compounds of the commonly 
occurring elemenia bdong in respect to their solubility in ivaterf 
hydrochloric acid, nitric add^ or aqua regia. 

§296. 

Pbeliminaey Bemabks. 

For the sake of brevity, the classes to which the oom% 
pounds belong, according to the division made in § 214, are 
expressed by letters. These have the following signification: 

W or w, soluble in water. 

A or a, insoluble in water, but soluble in hydrochloric 
acid, nitric acid, or in aqua regia. 

I or i, insoluble in water, hydrochloric acid, or nitric acid. 

Further, substances standing on the border-lines are in- 
dicated as follows : ' 

W — or w — a, difficultly soluble in water, but soluble in 
hydrochloric acid or nitric acid. 

W — I or w — i, difficultly soluble in water, the solubility 
not being greatly increased by the addition of acids. 

A — ^I or a — ^i, insoluble in water, difficultly soluble in 
acids. 

If the behavior of a compound to hydrochloric and nitric 
acids is essentially different, this is stated in the notes. 

Capital letters indicate common substances used in the 
arts and in medicine, while the small letters are used for 
those less commonly occurring. 

The salts are generally considered as normal, but basic 
and acid salts, as well as double salts, in case they are im- 
portant in medicine or in the arts, are referred to in the notes. 

The small numbers in the table refer to notes on the 
following pages. 
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SOLUBILITY 



1 

1 

Ammonium. 

Barium. 

Strontium. 

Calcium. 

1 Magnesium. I 

1 

1 

Ohromlam. 

1 

i 

1 

J 

1 

i 

Oxidd 

W 

w 

W 

W 

W 

W-A 

A 

A 

A&l 

A 

Ait 

A 

A 

Chromate.. 

W, 

w 

w 

a 


w-a 

w 


a 

w 

W 

a 

a 

Sulphate .. 

WiMi 

W 

W 14 . 10-10 

I 

1 

W-I 

W 


W&Ii» 

W 

W 

W 

W 

Fhos{diate. 

W 

W, 

^8 11 

a 

a 

-^11 

«19 

a 

a 

a 

a 

a 

a 

Borate 

W, 

w* 

W 

a 

a 

a 

w-a 

a 

a 

a 

a 

a 

a 

Oxalate .. 

w, 

W 

w 

a 

a 

A 

a 

a 

w-a 

a 

w-a 

a 

a 

Fluoride... 

▼ 

w 

w 

w-a 

w-a 

A-1 

ari 

w 

w 

w-a 

a 

w-a 

w-a 

Carbonate. 

w. 

Wio 

w 

A 

A 

A 

A 



A 

A 

A 

A 

Silicate ... 

w 

w 


a 

a 

a 

a 

a-i 

a 

* 

a 

a 

a 

Chloride... 

W« 

W« 

W|1.J8 

W 

W 

W 

W 

w 

W&I 

W 

W 

W 

w 

Bromide... 

w 

w 

w 

w 

w 

w 

w 

w 

w&l 

w 

w 

w 

w 

Iodide 

w 

w 

W 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

Cyanide .*»| 

w 

w 

w 

w-a 

w 

w 

w 


a 

A 

a 

a -1 

aA 

Ferrooy’de 

w 

w 

w 

¥-a 

w 

w 

w 



A-I 

a 

i 

1 

Femcy’de. 

w 

w 

w 



w 

w 



a 

I 

I 

i 

S*lphocy*de 

w 

w 

W 

w 

w 

w 

w 


w 

w 

w 

w 

w 

Sulphide... 

w 

W 

W 

W 

w 

V-A«, 

a 

a 

a -1 

^16 

A 

ai8 

Alf 

Kitrate,... 

w 

W 

W 

w 

w 

w 

w 

w 

W 

W 

w 

w 

W 

Chlorate... 

w 

w 

w 

w 

W 

w 

w 

w 

w 

W 

w 

w 

w 

Tartrate... 


Wt 


a 

1 

a 

A 

w-a 

w 

w 

a 



w 

Citrate 

w 

w 

w 

1 

a 

a 

w-a 

w 

w 

w 

w-a 

m 


w 

Ualate.... 

w 

w 

w 

wAa 

w 

w-a 4 , 

w 

w 


w 




Succinate.. 

▼ 

w 

w 

w-a 

w-a 

w-a 

w 

w-a 


w-a 



w-a 

Benmate.. 

▼ 

w 

w 

w 


w 

w 







SaUcjIate. 

If 

W 

W 

W-8 

w-a 

w-a 

w 







Acetate.... 

w 

W 

W 

W 

w 

w 

w 

W 

w 

W 


D 

w 

Fonnate... 

w 

w 

w 

W 

w 

w 

w 

w 

w 

w 


H 

w 

Ireenlte... 

w 

w 

If 

a 

a 

a 

a 




a 

a 

a 

Arsenate.. 

w 

W 

w- 

a 

a 

a 

a 

a 

a ' 

a 

a 

a 

a 


















Ferrous. 
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Ferrous. I 

Ferrio. 

Silver. 

t 

DD 

1 

1 

Onpric. 

Bismuth. 

1 

1 

0 

1 

a 

1 

t 

a 

i 

Stannlo. 

1 

g 

1 


a 

A 

a 

■^4 

A 

A 

A 

a 

a 


a 

a 

a&i 

A4, 

Oxide 


w 

a 

A-I 

a 

w-a 

w 

a 

a 



a 


a 

Chromate 

Wjo 

W 

W-A 

A-I 

w-a 

Wj7 

Wjfl 

w 

W 


w 

w 


a 

Sulphate 

a 

A 

a 

a 

a 

a 

a 

a 

a 



a 

a 

w-a 

Phosphate 

a 

a 

a 

a 



a 

a 

w-a 



a 



Borate 

a 

a 

a 

a 

a 

a 

a 

a 

a 


w 

a 

w 

a 

Oxalate 

w-a 

w 

w 

a 


w-a 

a 

w 

w-a 



w 

w 

w 

Fluonde 

A 


a 

A 

a 

a 

A 

a 

a 






Carbonate 

a 

a 


a 



a 


a 






Silloate 

w 

W„ 

1 

W-I 

A-I 


W 

W-A|. 

W 

W|a 


W 

W40 

W-A41 

Chloride 

w 

W 

i 

w-i 

a-i 

w 

w 

w-a 

W 

w 




w-a 

Bromide 

W 

W 

1 

W-A 

.A 

A 

w 

a 

W 

a 


w 

w 

w-a 

Iodide 

a-l 


1 

a 


W 

a 


a 

W 





Oyanlde 

1 

I 

i 

a 



1 





i 

1 


Ferrocyanlds 

I 

w 

1 

w-a 








i 



Ferrloysiiida 

w 

w 

i 

a 

A 

w 

a 


w-a 




w 


Sulphooj’de 

A 

a 

Alt 

A 

A 

[■^ 

All 

a 

A 

A|« 


A41 

A 4 ] 

A^ 4 * 4 I 

Sulphide 

W 

w 

w 

W 


W 

W 

W ,4 

w 


w 




Nitrate 

w 

w 

w 

w 

w 

w 

w 

w 

w 



w 



Chlorate 

w-a 

W„ 

a 

a 

w-a 

a 

w 

a 

w-a 



a 


*46 

Tartrate 

w 

W 

a 

a 

a 

w-a 

w 


a 






Citrate 


B 

w-a 

w-a 

a 

w-a 

w 





w 

w 


Malate 


B 

a 

a 

a 

w-a 

w 


w 




a 


Succinate 

H 

H 

w-a 

a 

a 

w-a 

a 


w 






Benzoate 



w-a 

w-a 



w 








Salicylate 

▼ 

w 

w 


w-a 

w 


w 

w 



w 

w 


Acetate 

w 

w 

w 

w-a 

w 

w 

i 

w 

w 



w 



Formate 

a 

a 

a 

a 

a 

a 

B 







a 

Aznenite 

a 

a 

a 

a 

a 

a 

a 

a 


i 



a 

a 

Arsenate 

















NOTES TO TABLE OF SOLUBILITIES. 


1. Potassium diohromate, W. 

2. Potassium boro-tartrate, W. 

3. Hydrogen potassium oxalate, W. 

4. Hydrogen potassium carbonate, W. 

6. Hydrogen potassium tartrate, W. 

6. Ammonium potassium tartrate, W. 

7. Sodium potassium tartrate, W. 

8. Ammonium sodium phosphate, W. 

9. Aoid sodium borate, W. 

10. Hydrogen sodium carbonate, W. 

11. Tri-oaloium phosphate. A. 

12. Ammonium magnesium phosphate, A. 

13. Potassium aluminium sulphate, W. 

14 Ammonium aluminium sulphate, W. 

16. Potassium chromium sulphate, W. 

16. Zinc sulphide, as sphalerite, soluble in nitric aoid with 

separation of sulphur ; in hydrochloric aoid, only upon 
heating. 

17. Manganese dioxide, easily soluble in hydrochloric acid ; 

insoluble in nitric acid. 

18. Nickel sulphide is rather easily decomposed by nitiio 

acid ; very difficultly by hydrochloric add. 

19. Cobalt sulpWe, like nickel sulphide. 

20. Ammonium ferrous sulphate, W. 

21. Ammonium ferric chloride, W. 

22. Potassium ferric tartrate, W. 

23. Silver sulphide, only soluble in nitric add. 

24. Minium is converted by hydrochlorio add into lead 

chloride ; by nitric add, into soluble lead nitrate and 
brown lead peroxide which is insoluble in nitric aoid. 

25. Tri-basic lead acetate, W. 

26. Mercurius solubilis Hahnemanni, A. 
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27. Basic mercuric sulphate, A. 

28. Mercuric chloride-amide, A. 

29. Mercuric sulphide, not soluble in hydrochloric acid, nor 

in nitric acid, but soluble in aqua regia upon heating. 

30. Ammonium cupric sulphate, W. 

31. Copper sulphide is decomposed with difficulty by hydro- 

chloric acid, but easily by nitric acid. 

32. Basic cupric acetate, partially soluble in water, and com- 

pletely in acids. 

33. Basic bismuth chloride, A. 

34. Basic bismuth nitrate, A. 

35. Sodium auric chloride, W. 

36. Q-old sulphide is not dissolved by hydrochloric acid, nor 

by nitric acid, but it is dissolved by hot aqua regia. 

37. Potassium platinic chloride, W— 1. 

38. Ammonium platinic chloride, W— I. 

Q9. Platinum sulphide is not attacked by hydrochloric acid, 
is but slightly attacked by boiling nitric acid (if it has 
been precipitated hot), but is dissolved by hot aqua 
regia. 

40. Ammonium stannic chloride, W. 

41. Stannous sulphide and stannic sulphide are decomposed 

and dissolved by hot hydrochloric acid, and are con- 
verted by nitric acid into oxide which is insoluble in 
an excess of nitric acid. Sublimed stannic sulphide is 
dissolved only by hot aqua regia. 

42. Antimonious oxide, soluble in hydrochloric acid, not in 

nitric acid. 

43. Basic antimonious chloride, A. 

44. Antimony sulphide is completely dissolved by hydro- 

chloric acid, especially upon heating ; it is -decomposed 
by nitric acid, but dissolved only to a slight degree. 

45. Calcium antimony sulphide, W— A. 

46. Potassium antimony tartrate, W. 

47. Hydrogen calcium malate, W. 
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